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It is increasingly being recognized that new declarative, consciously accessible information can be learned in anterograde amnesia, but it is not clear whether this learning is supported by episodic or semantic memory. We report a case of a 55-year-old man who experienced severe amnesia after limited damage to the medial temporal lobe following neurosurgical complications. His general cognitive performance and knowledge of new French words and public events that occurred before and after the onset of amnesia were assessed. Performance remained satisfactory on post-morbid vocabulary and public events, with a drop in performance observed for very recent public events only, while knowledge of very recent vocabulary was comparable to that of the control subjects. The implications of these findings for our understanding of the underlying learning mechanisms are discussed. This is the first report of acquisition of consciously accessible postmorbid knowledge of public events in a patient with severe anterograde amnesia.

Introduction

Declarative memory systems: Organization

Declarative memory is a type of memory that includes episodic and semantic memory (Squire, 1986). The main feature of declarative memory is that the memory information it contains is said to be explicit, that is, accessible to consciousness (Squire, 1986[START_REF] Squire | Declarative and nondeclarative memory : Multiple brain systems supporting learning and memory[END_REF]. The distinction between episodic and semantic memory was first introduced by Tulving in 1972. He proposed that episodic memory refers to the ability to form and later retrieve context-based and self-related memories of unique events, whereas semantic memory encompasses the storage of general knowledge and factual information regarding the world and oneself.

Autobiographical memory is a category of memories that includes not only memories of life experiences (episodic memory) but also autobiographical facts (personal semantic memory) [START_REF] Brewer | What is autobiographical memory[END_REF]). An autobiographical memory can be the recollection of a past event (e.g., remembering one's driving test), or the recall of a personal fact (e.g., knowledge of one's own date of birth). Memory of public events (e.g. September 11 th attacks) is a particular category of memory that may depend on both episodic and semantic information for the person contemporaneously experiencing it [START_REF] Janssen | Reminiscence bump in memory for public events[END_REF][START_REF] Petrican | Recollection and familiarity for public events in neurologically intact older adults and two brain-damaged patients[END_REF]. The relative contribution of the latter two in memory of public events seems difficult to establish, but it has been proposed that public events can be remembered vividly with the temporal-spatial context (e.g., remembering hearing the news of the World Trade Center attacks on television), or can be remembered only in terms of facts (e.g., knowledge of the date of the World Trade Center attacks), without recalling the temporal-spatial context [START_REF] Janssen | Reminiscence bump in memory for public events[END_REF][START_REF] Petrican | Recollection and familiarity for public events in neurologically intact older adults and two brain-damaged patients[END_REF]. Memories for public events are also subject to reminiscence bump [START_REF] Janssen | Reminiscence bump in memory for public events[END_REF], a well-known phenomenon in episodic memory [START_REF] Conway | The construction of autobiographical memories in the self-memory system[END_REF], which underscores the importance of episodic memory in their acquisition.

Declarative memory systems: Neural Substrates

Over the last 50 years, extensive research has demonstrated a strong interdependence and significant neural overlap between episodic and semantic memory, with notable exceptions of the hippocampus and temporal poles: indeed, the activation of these brain regions is distinctly associated with episodic memory in the former and semantic memory in the latter. (for reviews, see [START_REF] Greenberg | Interdependence of episodic and semantic memory : Evidence from neuropsychology[END_REF][START_REF] Renoult | From knowing to remembering: The semantic-episodic distinction[END_REF]. The hippocampus is thought to encode patterns of cortical activity elicited in the neocortex during the online processing of an event [START_REF] Nadel | Memory consolidation, retrograde amnesia and the hippocampal complex[END_REF]Rugg et al., 2015;[START_REF] Squire | The medial temporal lobe memory system[END_REF]. Episodic recall occurs when a cue elicits a part of the activity similar to that elicited during encoding, subsequently re-engaging the hippocampus and the cortical regions that were activated during encoding. Episodic recall also involves other brain structures, such as the parahippocampal cortex, medial prefrontal cortex, retrosplenial cortex, posterior cingulate cortex, and angular gyrus, which are part of the core recollection network [START_REF] Renoult | From knowing to remembering: The semantic-episodic distinction[END_REF]Rugg et al., 2015). Temporal poles are crucial in semantic memory as they act as a transmodal hub that mediates information from different modalities [START_REF] Ralph | The neural and computational bases of semantic cognition[END_REF]. Similarly, the neural activity associated with the retrieval of a semantic representation would be superimposed on the neuronal activity provoked by perception and interaction with the real object [START_REF] Renoult | From knowing to remembering: The semantic-episodic distinction[END_REF]. The brain regions underlying semantic memory include in addition to the anterior temporal poles, the parahippocampal, middle temporal, ventral parietal and medial frontal regions and posterior regions [START_REF] Renoult | From knowing to remembering: The semantic-episodic distinction[END_REF].

Declarative Memory Systems: The Debates

The organization and functioning of memory have been the subject of much discussion in the literature. A notable example is the consolidation of information in declarative memory, which has sparked two contrasting perspectives.

The standard consolidation model suggests that the role of the hippocampus and its associated structures in consolidating declarative memories is temporary for both episodic and semantic memories. Initially, the hippocampus and associated structures would play a crucial role in both storing and retrieving memory traces. However, as the consolidation process progresses, their involvement would gradually decrease until the neocortex would be able to sustain the memory trace and mediate its retrieval [START_REF] Squire | The medial temporal lobe memory system[END_REF]. Conversely, the Multiple Trace Theory (MTT) posits that the hippocampus and related structures would always be needed during the retrieval of episodic memories but not semantic memories (1997).

The relationship between episodic and semantic memory, especially during the process of learning new semantic information, is another issue that has also not yet been fully clarified. Indeed, in normal cognitive functioning, the formation of new semantic knowledge is thought to rely mainly on episodic memory, which gradually incorporates new information into knowledge structures [START_REF] Greenberg | Interdependence of episodic and semantic memory : Evidence from neuropsychology[END_REF][START_REF] Nadel | Memory consolidation, retrograde amnesia and the hippocampal complex[END_REF][START_REF] Squire | Memory and brain[END_REF]. The MTT and standard consolidation models share the view that the MTL, particularly the hippocampus, is required for semantic learning [START_REF] Bayley | Failure to acquire new semantic knowledge in patients with large medial temporal lobe lesions[END_REF][START_REF] Gabrieli | The impaired learning of semantic knowledge following bilateral medial temporal-lobe resection[END_REF][START_REF] Sekeres | The hippocampus and related neocortical structures in memory transformation[END_REF][START_REF] Winocur | Memory transformation and systems consolidation[END_REF].

Within the framework of the MTT, an episodic memory slowly evolves into a semantic memory through the repeated encoding of specific information, leading to the creation of multiple overlapping memory traces that facilitate their separation from their original spatial and temporal contexts [START_REF] Nadel | Memory consolidation, retrograde amnesia and the hippocampal complex[END_REF]. In line with this proposal, the "trace transformation" hypothesis posits that semantic knowledge emerges from episodic memory over time and with accumulated experience [START_REF] Sekeres | The hippocampus and related neocortical structures in memory transformation[END_REF][START_REF] Winocur | Memory transformation and systems consolidation[END_REF].

1.4.

Behavioral evidence from studies of Anterograde Amnesia Dissociation studies, in which one form of memory is impaired while the other is relatively preserved, have provided valuable but sometimes contradictory information on the interactions between episodic and semantic memory. In humans, such studies are typically conducted with patients with anterograde amnesia (AA).

AA is a syndrome characterized by the inability to acquire declarative information (information that can be consciously recalled) for long-term storage [START_REF] Markowitsch | Memory, time and autonoetic consciousness[END_REF]. While declarative information can no longer be learned in AA, it is mainly the inability to recall episodic information that is used to define anterograde amnesia [START_REF] Tulving | Long-lasting perceptual priming and semantic learning in amnesia: A case experiment[END_REF]1998). In contrast, the acquisition of non-declarative memories such as motor skills, perceptual skills, priming, adaptation-level effects, simple classical conditioning, and habits is spared [START_REF] Squire | Amnesia : Declarative and nondeclarative memory[END_REF]. From a neuroanatomical point of view, it is mainly damage to the hippocampus or related structures, namely the extended hippocampal system, that is responsible for AA [START_REF] Aggleton | The Relationships Between Temporal Lobe and Diencephalic Structures Implicated in Anterograde Amnesia[END_REF]. This system, including the hippocampus, fornix, mammillary bodies, and anterior thalamic nuclei, has been shown to be selectively critical for processes leading to effective recall. Damage to at least one component of the extended hippocampal system would be responsible for AA, which characteristically affects episodic memory, especially performance on recall tests [START_REF] Aggleton | The Relationships Between Temporal Lobe and Diencephalic Structures Implicated in Anterograde Amnesia[END_REF]. AA can result from various aetiologies, such as Alzheimer's disease (Dubois et al., 2010), but it can also be observed following neurosurgical complications, such as endoscopic third ventriculostomy (ETV) [START_REF] Aggleton | The Relationships Between Temporal Lobe and Diencephalic Structures Implicated in Anterograde Amnesia[END_REF][START_REF] Bouras | Complications of endoscopic third ventriculostomy[END_REF] or Korsakoff syndrome [START_REF] Pitel | How do Korsakoff patients learn new concepts?[END_REF]. Finally, AA is often accompanied by specific behavioural disorders, namely repetitive behaviours [START_REF] Squires | Memory Notebook Training in a Case of Severe Amnesia : Generalising from Paired Associate Learning to Real Life[END_REF][START_REF] Wilson | Dense amnesia in a professional musician following herpes simplex virus encephalitis[END_REF]. The latter have been associated with poor episodic memory performance in Alzheimer's disease (AD) and other dementias [START_REF] Cipriani | Repetitive and Stereotypic Phenomena and Dementia[END_REF][START_REF] Cullen | Repetitive behaviour in Alzheimer's disease: Description, correlates and functions[END_REF][START_REF] Kishimoto | Repetitive questioning behavior in Alzheimer's disease : Relationship to regional cerebral blood flow[END_REF][START_REF] Ready | Amnestic Behavior in Dementia: Symptoms to Assist in Early Detection and Diagnosis[END_REF].

Studies of patients with AA have made an important contribution to solving the problem of the role of brain structures in long-term consolidation. The extent of retrograde amnesia (RA) in AA, which is defined as the loss of information learned prior to brain damage, has provided interesting information regarding the consolidation process. The duration of RA can range from days to several decades, or even a lifetime [START_REF] Nadel | Memory consolidation, retrograde amnesia and the hippocampal complex[END_REF]. The standard model posits that the extent of RA in patients with hippocampal damage should be temporally graded for all declarative information as the contribution of the hippocampus to their consolidation is time limited, in the sense that RA decreases with increasing time since the learning episode. In other words, individuals with AA are increasingly normal for recall of events that were learned increasingly earlier than the point in time at which they became amnesic [START_REF] Squire | Retrograde amnesia and memory consolidation : A neurobiological perspective[END_REF]. From the perspective of MTT, each retrieval of a memory would generate a new memory trace, resulting in the formation of multiple overlapping traces. Because autobiographical episodes are likely to be reactivated less often than personal semantics or general semantics, related traces should be fewer in number and, therefore, more vulnerable to brain damage. Thus, patients with severe AA should exhibit lifetime RA for episodic memories, while RA for other types of declarative memories, such as public knowledge or personal semantics, should be temporally graded [START_REF] Nadel | Memory consolidation, retrograde amnesia and the hippocampal complex[END_REF]. Literature findings about RA seemed to be better predicted by MTT than by the standard consolidation model, as amnesic patients generally exhibited severe RA for episodic memories while their RA for semantic memories were more time-limited (for a review, see Moscovitch & Gilboa, 2001). In this sense, RA of semantic information appears to be a marker of hippocampal-mediated memory impairment.

1.5. Can semantic information be learned in Anterograde Amnesia?

Although learning new declarative information has long been thought to be impossible in AA [START_REF] Bayley | Failure to acquire new semantic knowledge in patients with large medial temporal lobe lesions[END_REF][START_REF] Gabrieli | Acquisition of semantic and lexical knowledge in amnesia[END_REF][START_REF] Gabrieli | The impaired learning of semantic knowledge following bilateral medial temporal-lobe resection[END_REF][START_REF] Rozin | The psychobiological approach to human memory[END_REF][START_REF] Scoville | Loss of recent memory after bilateral hippocampal lesions[END_REF][START_REF] Sweet | Loss of recent memory following section of fornix[END_REF], a growing body of literature shows that patients with AA are capable of learning new declarative information [START_REF] Jonin | Superior explicit memory despite severe developmental amnesia: In-depth case study and neural correlates[END_REF][START_REF] Tulving | Episodic and semantic memory[END_REF][START_REF] Tulving | Multiple memory systems and consciousness[END_REF][START_REF] Tulving | Episodic and declarative memory: Role of the hippocampus[END_REF][START_REF] Pitel | How do Korsakoff patients learn new concepts?[END_REF][START_REF] Vargha-Khadem | Differential effects of early hippocampal pathology on episodic and semantic memory[END_REF][START_REF] Verfaellie | Acquisition of novel semantic information in amnesia: Effects of lesion location[END_REF]. Two types of paradigms have been used to evaluate the learning abilities in AA. One type of paradigm involves laboratory tasks in which amnesic patients are asked to learn information under extensive repetition within the context of experimental sessions [START_REF] Bayley | Medial Temporal Lobe Amnesia: Gradual Acquisition of Factual Information by Nondeclarative Memory[END_REF][START_REF] Glisky | Implicit memory and new semantic learning in posttraumatic amnesia[END_REF][START_REF] Mckenna | Preserved Semantic Learning in an Amnesic Patient[END_REF][START_REF] Pitel | How do Korsakoff patients learn new concepts?[END_REF][START_REF] Squires | Errorless learning of novel associations in amnesia[END_REF][START_REF] Stark | New Semantic Learning and Generalization in a Patient With Amnesia[END_REF][START_REF] Tulving | Long-lasting perceptual priming and semantic learning in amnesia: A case experiment[END_REF][START_REF] Warren | Not so fast : Hippocampal amnesia slows word learning despite successful fast mapping[END_REF]. Another type of paradigm assesses the learning of new semantic information that has occurred spontaneously after the onset of AA by using tasks that require of new famous people and new vocabulary [START_REF] Bayley | New semantic learning in patients with large medial temporal lobe lesions[END_REF][START_REF] Jonin | Superior explicit memory despite severe developmental amnesia: In-depth case study and neural correlates[END_REF][START_REF] Kitchener | Acquisition of post-morbid vocabulary and semantic facts in the absence of episodic memory[END_REF][START_REF] Mccarthy | Remembering and forgetting of semantic knowledge in amnesia : A 16-year follow-up investigation of RFR[END_REF][START_REF] O'kane | Evidence for semantic learning in profound amnesia: An investigation with patient H[END_REF][START_REF] Van Der Linden | Semantic memory and amnesia : A case study[END_REF][START_REF] Verfaellie | Acquisition of novel semantic information in amnesia: Effects of lesion location[END_REF][START_REF] Westmacott | Names and words without meaning: Incidental postmorbid semantic learning in a person with extensive bilateral medial temporal damage[END_REF] or by assessing knowledge of personal and/or public information before and after the onset of amnesia [START_REF] Bayley | Failure to acquire new semantic knowledge in patients with large medial temporal lobe lesions[END_REF][START_REF] Kitchener | Acquisition of post-morbid vocabulary and semantic facts in the absence of episodic memory[END_REF][START_REF] Van Der Linden | Semantic memory and amnesia : A case study[END_REF]. In these studies, patients with adult-onset amnesia exhibited reduced performance compared with controls, but their capacity to learn new information was not completely compromised. The pattern of performance was often characterized by a post-morbid temporal gradient. Indeed, it has been shown that amnesic patients were more likely to recognize as familiar or to generate information about people or vocabulary that became famous or occurred in an earlier postmorbid period than in a later period, probably because of the additional exposure associated with a longer exposure time [START_REF] O'kane | Evidence for semantic learning in profound amnesia: An investigation with patient H[END_REF][START_REF] Verfaellie | Acquisition of novel semantic information in amnesia: Effects of lesion location[END_REF][START_REF] Westmacott | Names and words without meaning: Incidental postmorbid semantic learning in a person with extensive bilateral medial temporal damage[END_REF]. Thus, the post-morbid temporal gradient concerns only information acquired after amnesia onset.. The fact that these patients are able to learn new declarative information raises a new question: does this learning process rely on residual episodic abilities or can it circumvent episodic memory? In the latter case, what would be the nature of the learning mechanism? On one hand, semantic learning observed in some patients with AA could be linked to their residual episodic capacities [START_REF] Bayley | Failure to acquire new semantic knowledge in patients with large medial temporal lobe lesions[END_REF]. On the other hand, an emerging view contends that only episodic memory would totally depend on the hippocampus, whereas the acquisition of semantic information would rely more on surrounding regions, such as the peri-hippocampal and neocortical regions which would underlie an alternative learning mechanism when the hippocampus is not functional [START_REF] Jonin | Superior explicit memory despite severe developmental amnesia: In-depth case study and neural correlates[END_REF][START_REF] Vargha-Khadem | Differential effects of early hippocampal pathology on episodic and semantic memory[END_REF][START_REF] Verfaellie | Acquisition of novel semantic information in amnesia: Effects of lesion location[END_REF]. O' Kane et al. (2004) showed that patient H.M. could provide correct semantic information associated with the name of some famous people, despite a bilaterally symmetrical MTL lesion that left him with no hippocampal function. Moreover, spontaneous semantic learning has been observed in patients with early onset amnesia, whereas no evidence of residual episodic learning abilities has been found [START_REF] Jonin | Superior explicit memory despite severe developmental amnesia: In-depth case study and neural correlates[END_REF][START_REF] Vargha-Khadem | Differential effects of early hippocampal pathology on episodic and semantic memory[END_REF]. However, the main criticism is that the absence of residual hippocampal activity is difficult to clearly establish. For instance, [START_REF] Hassabis | Patients with hippocampal amnesia cannot imagine new experiences[END_REF] showed in a functional MRI study of a patient with significant impairment of anterograde memory that encoding new information was associated with activation in residual hippocampal tissue.

Memory for Public Events in Anterograde Amnesia

While studies on memory for remote public events are abundant in AA [START_REF] Hirano | Dissociation between Specific Personal Episodes and other Aspects of Remote Memory in a Patient with Hippocampal Amnesia[END_REF]Hagg et al., 2010;[START_REF] Hodges | Loss of remote memory : A cognitive neuropsychological perspective[END_REF][START_REF] Kopelman | Retrograde amnesia in patients with diencephalic,temporal lobe or frontal lesions[END_REF][START_REF] Manns | Semantic memory and the human hippocampus[END_REF][START_REF] Petrican | Recollection and familiarity for public events in neurologically intact older adults and two brain-damaged patients[END_REF][START_REF] Poreh | Anterograde and retrograde amnesia in a person with bilateral fornix lesions following removal of a colloid cyst[END_REF][START_REF] Sartori | Remote memory in advanced Alzheimer's disease[END_REF][START_REF] Voltzenlogel | Remote Memory in Temporal Lobe Epilepsy[END_REF], studies that have examined the post-morbid acquisition of information about public events in AA are scarce, and the findings are contradictory. To the best of our knowledge, only two studies have assessed memory of post-morbid public events in this condition. [START_REF] Kitchener | Acquisition of post-morbid vocabulary and semantic facts in the absence of episodic memory[END_REF] used the Famous Events Test of Hodges and Ward (1989) which was a recognition test in which their patient named R.S. had to judge whether the name of an event referred to a real event or to a fictional event. The authors assessed the premorbid knowledge of public events using the original set of names, comprising 50 names of real events that were randomly mixed with 50 names of fictitious events. They added 40 additional events to assess the post-morbid knowledge of public events.

They showed that their amnesic patient was able to recognize postmorbid events from distractors at a level below that of controls, but still above chance, which suggests that information about this type of memory could still be encoded in AA. However, it is unclear whether recognition tasks account for semantic learning, as they may reflect processes akin to non-declarative memory, such as conceptual or perceptual priming [START_REF] Verfaellie | Acquisition of novel semantic information in amnesia: Effects of lesion location[END_REF]. [START_REF] Bayley | Failure to acquire new semantic knowledge in patients with large medial temporal lobe lesions[END_REF] also evaluated post-morbid public events in their 2 amnesic patients who had extensive medial temporal lobe lesions, using tasks of free-recall and recognition. The tasks were comprised of questions about post-morbid events, followed by multiple-choice propositions. These 2 patients failed to demonstrate any capacity for post-morbid public event learning. Therefore, it is not clear whether patients with AA can learn information about public events with which they are contemporaneous.

The current study

In this paper, we present a case of a patient with severe AA and repetitive behaviour following ETV. Our aim was to examine his capacity to acquire new information since the onset of amnesia, with a particular focus on the effect of the type of information on performance (i.e., general concepts such as vocabulary versus knowledge of unique events such as public events), and to determine whether his learning abilities were related to residual episodic memory abilities or whether they depended on an alternative learning mechanism. To achieve this, we employed a variety of tests, including a thorough assessment of memory and repetitive behaviour to accurately document memory impairment, evaluation of his premorbid and postmorbid semantic knowledge using vocabulary and public event tasks, and structural magnetic resonance imaging (MRI) of his brain. Based on the current understanding of semantic learning, we hypothesized that he would exhibit knowledge of words that appeared after the onset of amnesia, albeit at a lower level than that of the healthy controls. In contrast, we did not expect him to demonstrate knowledge about public events that occurred after the onset of amnesia due to the generally assumed strong involvement of episodic memory in the acquisition and recollection of such information.

Case report

AD was a 55-year-old right-handed man who suffered mild traumatic brain injury in relation to a benign road accident at the age of sixteen. Triventricular and lateral ventricular dilatations were fortuitously discovered in this context, revealing complete stenosis of the aqueduct responsible for hydrocephalus. The young man had a history of headaches for several years prior to the accident. Psychomotor development was normal, and his academic performance remained average throughout schooling. He did not sustain any after-effects of his road accident. At the age of sixteen, a surgical intervention consisting of a right-sided ventriculoperitoneal shunt was performed, and the postoperative period showed no complications. During the ten years following this surgery, the evolution of the hydrocephalus was marked by episodes of valve hypofunction due to repeated obstructions, which required the material to be replaced on two occasions. In 1993, at the age of 28, ETV was performed because of repeated episodes of increased intracranial pressure with enlargement of the third ventricle. Complications from surgery were severe, including seizures and consciousness disorders, left-sided hemiparesis, and neurovegetative symptoms, such as hypertension, swallowing, ,and thermoregulation disorders. One month after surgery, AD was conscious and alert, but exhibited important dysarthria, memory impairment, executive disorders, and behavioural inertia. Several MRI scans from this period revealed atrophy of the fornices, abnormal cortical thinning, and signs of ischaemic sequelae in the right anterior frontal cortex. AD spent nine months in a psycho-rehabilitation centre to recover from his hemiparesis, from which only a left-hand motor deficit remained. Further cognitive assessments showed complete normalization of executive functions and language, whereas memory remained severely impaired. Indeed, AD showed a massive AA that remained stable until the time of the testing reported in this paper, which was attributed to his fornix lesions. Since his last surgery, 27 years before this investigation, he seems to have not been able to form any episodic memories, as described in detail below.

Since he left the psycho-rehabilitation centre, AD has been independent in daily life under the supervision of his mother and a personal care assistant. Clinically, he exhibited many repetitive behaviours, such as repetitive statements and repetitive questions, which were sources of embarrassment. In the psycho-rehabilitation centre, he learned to rely on a diary and a smartphone, in which he recorded all his experiences throughout the day and at work. Indeed, he returned to a part-time job at the age of 32, three years after the onset of his amnesia, working as a stretcher-bearer with accommodation. He could drive, find his way around familiar places, and find solutions when he forgot information or lost his belongings. He also spent much of his time off playing "boules" in two clubs and listened to daily news on the radio and television. The last neuropsychological assessment was performed in 2011 when AD was 46 and did not show noticeable changes. The conclusions indicated striking episodic memory impairment, whereas executive and instrumental functions were still preserved. Word list learning showed massive storage and retrieval impairments, and recognition was abnormal in verbal and visual modalities. An autobiographical memory assessment made with the Autobiographical Memory Interview (Kopelman et al., 1989) in 2011 showed that recollection of personal memories was virtually impossible, and evoking an event often led to the production of intrusions, indicating severe and extensive retrograde amnesia for autobiographical episodes. Surprisingly, personal semantic facts were satisfactory for any given life period considered, including recent events (e.g., the new address of his brother and the death of his father).

In the context of the present study, AD completed three hours of testing at the Limoges Memory Resources and

Research Centre in 2020. 

Brain imaging

Results

Visual MRI examination of AD's' brain showed bilateral atrophy of the fornices, especially regarding the pillars, severe atrophy of the mammillary bodies, predominantly right-sided mesencephalon atrophy, bilateral and slightly predominant left-sided hippocampal atrophy, corpus callosum atrophy with focal slimming located on the body of the corpus callosum and cingulate gyrus atrophy. The results are shown in Figure 1. 

Cognitive profile and behavior

4.1. Methods

Cognitive assessment

In the context of this study, the general cognitive status of AD was assessed using the Mini Mental State Examination (MMSE) [START_REF] Folstein | Mini-mental state": A practical method for grading the cognitive state of patients for the clinician[END_REF], and intelligence capacity was assessed using the Wechsler Adult Intelligence Scale 4 th edition (WAIS-IV) [START_REF] Wechsler | Wechsler adult intelligence scale-Fourth Edition (WAIS-IV)[END_REF]. Several cognitive domains were evaluated, including verbal learning memory with the French adaptation of the Wechsler Memory Scale 4 th edition (WMS-IV) [START_REF] Wechsler | MEM-IV: Échelle clinique de mémoire de Wechsler[END_REF][START_REF] Wechsler | MEM-IV: Échelle clinique de mémoire de Wechsler[END_REF], version C of Rappel libre/Rappel indicé à 16 items (RL/RI-16; 16-item Free and Cued Recall) [START_REF] Stoykova | Validation d'une troisième liste de mots pour l'épreuve Rappel libre/Rappel indicé à 16 items (RL/RI-16) : Présentation de la liste C et étude de fidélité[END_REF]Van Der Linden, 2004), a French adaptation of the Free and Cued Selective reminding Test (FCSRT) [START_REF] Buschke | Cued recall in amnesia[END_REF][START_REF] Grober | Genuine memory deficits in dementia[END_REF] and the Doors Test [START_REF] Baddeley | Doors and People: A Test of Visual and Verbal Recall and Recognition[END_REF]; working memory was assessed with a digit span subtask from the WAIS-IV, and information processing speed was assessed with the Processing Speed Index from the WAIS-IV. Executive functions assessed were verbal initiation with letter verbal and category fluency [START_REF] Benton | Multilingual Aphasia Examination[END_REF][START_REF] Lezak | Neuropsychological Assessment[END_REF], concept abstraction and set-shifting ability with the Wisconsin Card Sorting Test (WCST) [START_REF] Heaton | Wisconsin Card Sorting Test (WCST)-Manual revised and expanded[END_REF] and the Trail Making Test (TMT) [START_REF] Godefroy | Fonctions exécutives et pathologies neurologiques et psychiatriques[END_REF][START_REF] Reitan | Validity of the Trail Making Test as an Indicator of Organic Brain Damage[END_REF], and response inhibition using the Stroop Test [START_REF] Godefroy | Fonctions exécutives et pathologies neurologiques et psychiatriques[END_REF][START_REF] Stroop | Studies of interference in serial verbal reactions[END_REF].

The scores on the standard cognitive tests were compared to the French norms according to the subject's sex, age, and education. Performance on standardized neuropsychological tests was expressed as percentiles or z-scores. The 5 th percentile score and z= -1.65 were taken as cutoff scores.

4.1.2. Behavioral assessment: repetitive behaviors Daily, AD did not exhibit behavioural disturbances, except for repetitive behaviours. To document these, the Stereotypy Rating Inventory (SRI) [START_REF] Shigenobu | The Stereotypy Rating Inventory for frontotemporal lobar degeneration[END_REF] was used. This instrument assesses five distinctive domains of repetitive behaviour: eating and cooking, roaming, speaking, movements, and daily rhythm. "Eating and cooking" referred to the constant preparation or consumption of the same food, "roaming" referred to habitually walking in the same location, "speaking" referred to repeatedly uttering the same phrase or words, "movements" referred to unusual repetitive actions such as rubbing or scratching, and "daily rhythm" referred to a lifestyle characterized by a highly ritualized or routine pattern [START_REF] Shigenobu | The Stereotypy Rating Inventory for frontotemporal lobar degeneration[END_REF]. Information was gathered from caregivers. Aspects of frequency and severity were assessed using the Neuropsychiatric Inventory (NPI) model [START_REF] Cummings | The Neuropsychiatric Inventory : Comprehensive assessment of psychopathology in dementia[END_REF]. Frequency could be categorized as often (approximately once per week), moderately frequent (several times per week but less than every day), frequent (every day but less than 5 times per day), or extremely frequent (more than 5 times per day or almost all the time). Severity was categorized as mild (repetitive behaviours were notable but produced little interference with daily routines), moderate (repetitive behaviours were very evident but could be overcome by the caregiver), or marked (repetitive behaviours were very evident, they usually failed to respond to any intervention by the caregiver, and they were a major source of distress) [START_REF] Shigenobu | The Stereotypy Rating Inventory for frontotemporal lobar degeneration[END_REF].

Results

General cognitive assessment

The neuropsychological tests are summarized in Table 1. AD's performance was compared with existing norms and expressed as a percentile rank or z-score. 

Memory tests

In the French adaptation of the WMS-IV, AD performance on the Logical Memory subtest reached a mean percentile rank of 0.4 on immediate recall. After a 30-minute delay, AD scored 0, with a mean percentile rank of 0.1. Delayed recognition performance was ranked as a percentile of less than or equal to 0.4.

In the French adaptation of the FCSRT, allowing encoding, storage, and retrieval to be assessed through different subtests [START_REF] Buschke | Cued recall in amnesia[END_REF], both his immediate and delayed total recall performance were less than or equal to the 1st percentile rank despite an encoding score in the normal range (immediate encoding performance at the 15 th percentile). [START_REF] Wechsler | Wechsler adult intelligence scale-Fourth Edition (WAIS-IV)[END_REF]; IQ = Intelligence Quotient; WMS-IV = Wechsler Memory Scale 4th edition [START_REF] Wechsler | MEM-IV: Échelle clinique de mémoire de Wechsler[END_REF][START_REF] Wechsler | MEM-IV: Échelle clinique de mémoire de Wechsler[END_REF], FCSRT = Free and Cued

Selective Reminding Test [START_REF] Buschke | Cued recall in amnesia[END_REF][START_REF] Grober | Genuine memory deficits in dementia[END_REF]; RL/RI-16 = 16-item Free and Cued Recall [START_REF] Stoykova | Validation d'une troisième liste de mots pour l'épreuve Rappel libre/Rappel indicé à 16 items (RL/RI-16) : Présentation de la liste C et étude de fidélité[END_REF]Van Der Linden, 2004); Doors Test [START_REF] Baddeley | Doors and People: A Test of Visual and Verbal Recall and Recognition[END_REF]; fluency tasks [START_REF] Benton | Multilingual Aphasia Examination[END_REF][START_REF] Lezak | Neuropsychological Assessment[END_REF]; WCST = Wisconsin Card Sorting Test [START_REF] Heaton | Wisconsin Card Sorting Test (WCST)-Manual revised and expanded[END_REF]; TMT = Trail Making Test [START_REF] Godefroy | Fonctions exécutives et pathologies neurologiques et psychiatriques[END_REF][START_REF] Reitan | Validity of the Trail Making Test as an Indicator of Organic Brain Damage[END_REF] We assessed AD's visual recognition memory with the Doors Test [START_REF] Baddeley | Doors and People: A Test of Visual and Verbal Recall and Recognition[END_REF] with a mean percentile rank of less than 1.

The performance on the verbal recognition memory subtest from the French adaptation of the Free and Cued

Selective Reminding Test reached a percentile rank of less than 5. In the Logical Memory (WMS-IV) recognition subtest, the performance was inferior to the 0.4 th percentile rank.

Behavior assessment: repetitive behaviors

The SRI showed that AD exhibited repetitive behaviours characterized by repetitive speaking (see Table 2), which were extremely frequent (more than five times per day or almost all the time) and moderate (stereotypic behaviours were very evident but could be overcome by the caregiver), and repetitive daily rhythm, which was frequent (less than five times per day) and moderate. The caregiver reported that AD's repetitive speech was mostly characterized by repetitive questions and repetitive discourse. He also reported that AD's repetitive daily rhythm looked like a timetable and was manifested by performing the same activities at the same time every day in a rigid way. 

New words experiment

We assessed AD information acquisition abilities using a set of two vocabulary tests in which AD had to define words that were introduced in the French language after the onset of his amnesia. There was one standardized test and one experimental task. These tests were also administered to 10 healthy participants matched for age and education.

Performance was compared using a modified t-test [START_REF] Crawford | Comparing an individual's test score against norms derived from small samples[END_REF].

Methods

Standardized test

The New Words Questionnaire (NWQ), developed by Thomas-Anterion et al. ( 2009), is a semantic questionnaire assessing the knowledge of 22 words that entered the French dictionary Larousse in 1996 and 1997 (11 words), and in 2006 and 2007 (11 words). In the NWQ, each word is assessed using three tasks: an open-ended question, a multiple-choice questionnaire, and a word embedded in a sentence (Appendix 1).

Experimental task

The New Words Test (NWT) is an experimental task designed by the authors, inspired by the NWQ, to assess the knowledge of very recent words that were not included in the NWQ. The NWT covered 36 entries in French dictionaries Larousse and Le Robert, which were published between 1998 and 2016 during three periods (1998-2003; 2004-2010; 2011-2017), with 12 words corresponding to each period (see Figure 2). These words were selected based on the French database Corpus Dico, which referenced new entries in the French dictionaries Larousse and Le Robert by comparing successive editions of each dictionary [START_REF] Martinez | Une base de données des entrées et sorties dans la nomenclature d'un corpus de dictionnaires : Présentation et exploitation[END_REF][START_REF] Martinez | La comparaison de dictionnaires comme méthode d'investigation lexicographique[END_REF]. Unfortunately, this database only referenced new entries in the dictionary since 1998, which did not allow us to create a category of words that appeared in the years prior to the onset of his amnesia. In the NWT, each word was assessed using two tasks: an open-ended question and multiple-choice questionnaire. to the identities of the participants (AD or healthy controls).

NWQ scoring scheme

The scoring procedure used was the same as that used by [START_REF] Borg | Semantic knowledge of newly coined words in mild cognitive impairment and Alzheimer's disease[END_REF]. In this test, each word was scored on 3 points, using three tasks. is a survey carried out in the street, in the form of an interview with passers-by, by radio or television."). Then, the participant had to select the correct definition from among three choices (multiple-choice questionnaire), which also accounted for one point. Finally, they had to select the sentence in which the usage of the word was correct from two sentences that included the words, scored on one point. Each word was scored on 3 points; each period (1996)(1997)(2006)(2007) was scored on 33 points, and the maximum possible score was 66 points.

NWT scoring scheme

In this test, each word was scored on 2 points, using two tasks. First, the participants had to provide the definition of

each word (open-ended question) scored on one point. For the open-ended questions of the NWT, scores were graded from 0 to 1. A score of 0 was given for an incorrect or no answer, 0.5 for a vague definition in the correct semantic domain but without relevant features (example of vague definition of start-up: "a promising company") or 1

for the main meaning of the word as contained in the full definition (example of full definition of the word start-up: "an innovative company that is in the initial stages of business with a strong potential for growth"). Then, they had to select the correct definition from among three choices (multiple-choice questionnaire), scored on one point (example of multiple-choice questionnaire for start-up: "a) a company that only recruits temporary workers; b) a company that is in the initial stages of business with a strong potential for growth; c) a country's financial rescue plan"). The maximum possible score was 72 points, with 24 points for each period (1998-2003, 2004-2010, 2011-2017). 

Statistical analysis

Quantitative variables are presented as means and standard deviations. Comparisons of the quantitative variables between AD's scores and healthy controls were performed using a modified t-test [START_REF] Crawford | Comparing an individual's test score against norms derived from small samples[END_REF]. The modified t-test allows a comparison between the performance of one subject and a small control group. The modified t-test maintains the Type I error risk below the threshold of 5%, even in the case of small samples [START_REF] Crawford | Comparing an individual's test score against norms derived from small samples[END_REF][START_REF] Crawford | Evaluation of criteria for classical dissociations in single-case studies by Monte Carlo simulation[END_REF]. It also expresses experimental test performance in percentile rank. The results with p values <.05 were considered significant. Analyses were performed using SPSS Statistics 27.0 software (IBM).

Results

The reliability between the two raters was confirmed using Cohen's Kappa analysis for the open-ended responses of the NWQ and NWT in both AD and healthy controls (k = .872, p < .001).

In the NWQ, AD's performance did not statistically differ from that of healthy subjects (see Table 3 andFigure The results of the NWT are summarized in Table 3. 1996-1997 and 2006-2007 indicate sub-total scores for words that appeared in the dictionary in these years.

For the NWT, the results are expressed as the total, recall, and recognition scores. 1998-2003, 2004-2010, and 2011-2017 indicate scores for words that have appeared in the dictionary in these years. 

AD's

Public events experiment

A second set of tests was designed by the authors to determine whether AD could retrieve information about public events that had occurred since the onset of his amnesia. Standardized and experimental tests were administered.

These tests were also administered to 10 healthy participants who were matched for age and education. Performance was compared using t-modified procedures [START_REF] Crawford | Comparing an individual's test score against norms derived from small samples[END_REF].

6.1. Methods

Standard Test

The public event standardized test, EVE-30 (Thomas-Anterion & Puel, 2006), is a French test battery that assesses memories of 30 public events that occurred in France and the world between 1920 and 2002, distributed over eight periods (1920-1939; 1940-1949; 1950-1959; 1960-1969; 1970-1979; 1980-1989; 1990-1999; 2000-2004). Three events corresponding to each period from 1920 to 1999, and nine events in the last decade (2000)(2001)(2002)(2003)(2004) were included. In this case, we selected events from the 1970s to 2004 to assess events contemporaneous with participants. The stimuli for these events were presented visually in short evocative sentences (e.g., "Collapse of the World Trade Center") and assessed using five subtests: open-ended descriptions, multiple-choice questionnaires, questions regarding event details, dating, and episodic recollection.

Experimental task

The modified EVE-30 was adapted from the EVE-30 and designed by the authors to assess very recent events that were not included in the EVE-30. As the most recent events of the 2000s from the original design occurred in 2004, we chose to modify this decade by adding one event from 2008 ("Barack Obama investiture") for a total of 10 events.

Modelled on the standard test, 10 events were selected and used for the 2010s period, from 2010 to 2019 (Fukushima disaster, DSK affair, Notre-Dame Fire, the Benalla affair, Charlie Hebdo terrorist attacks, the Bataclan terrorist attacks, Nice terrorist attacks, The Brexit, Les Bleus collect a second star, death of Johnny Hallyday). The selection of these events was based on articles dealing with famous events that occurred during the most recent decade, published by the French newspapers Le Monde, Le Figaro, and Le Point. The stimuli of these added events were visually displayed in short evocative sentences (e.g., "Je suis Charlie" for Charlie Hebdo terrorist attacks) and assessed in the same way as in the original test with the specific subtests listed in the previous section. During the design of the experimental task, all the events met the criteria for unique events. However, with time, three of the events (the DSK affair, the Benalla affair, the Brexit) had unexpected developments, so their evocative sentence (e.g., "the Brexit") did not refer only to the first occurrence of the event but also to the many developments that followed. Consequently, these events were not included in the analysis, and seven out of the 10 initially planned events constituted the 2010s decade. "Planes crashed into the World Trade Center") and 0 points if the response was erroneous. Second, in the multiplechoice questionnaire, they had to select the correct description of the event from among three choices (e.g., "Was-it:

A-The name of a Steven Spielberg's movie that caused a scandal? B-A terrorist attack in New York City? C-A storm in the USA?") scoring one point per event. In the third subtest, participants were asked to answer two questions regarding the details of the events (e.g., "Cite one of the protagonists of the attacks"), each of which scored one point per event. The fourth subtest consisted of indicating the decade in which the event had occurred, with the help of a visual timeline, and was worth one point. Finally, the last subtest elicited potential internal details associated with the memory event (i.e. episodic information). If AD produced any details, four features were measured: what (what he was doing when he heard about the event), where (where he was when he heard about the event), when (the time of day when he heard about the event), and the emotional quality of the episode description. Each parameter was worth 1.5 points for a total of 6 points per event, and the total score referred to the episodic recollection score.

Combining results

As AD became amnesic in 1993, all events for which he was contemporaneous (from the 1970s) and before 1993 were considered premorbid events, whereas the events after 1993 were considered postmorbid events. However, three events occurred in the nineties, one before the onset of AD's amnesia and two after it. Consequently, the former was counted in the premorbid score, whereas the latter two were counted in the postmorbid score. We grouped the results of EVE30 and modified EVE30 in a continuous timeline centred on 1993. To summarize, 7 events were considered premorbid, whereas 19 events were considered postmorbid.

We combined the different scores to assess performance based on the type of information processing. Performance was summarized in two semantic scores (i.e., semantic retrieval and recognition) and one episodic recollection score.

The semantic retrieval score was the combination of the open-ended description subtest and the question of details subtest, expressed as a total score in percent. The recognition score was the multiple-choice recognition subtest also expressed as a percentage of the total score. The dating subtest was not included in the summarized scores because it probably involves both episodic and semantic information to different degrees depending on the event and the participant. As described in the previous section, the recollection score was the total score of four potential internal details features.

6.1.5. Healthy controls AD performance was compared to that of healthy male subjects matched in age and education, as described in Section 4.1.3. The testing procedure for the healthy controls was identical to that for AD. However, only a subset (n = 5) of healthy controls completed the episodic recollection task.

Statistical analysis

Quantitative variables were presented as means and standard deviations. Comparisons of the quantitative variables between AD's scores and healthy controls were performed using a modified t-test [START_REF] Crawford | Comparing an individual's test score against norms derived from small samples[END_REF].

Wilcoxon rank-sum tests were used to compare semantic premorbid and postmorbid performance for AD and controls.

The results with p values <.05 were considered significant. Analyses were performed using SPSS Statistics 27.0 software (IBM).

Results

The reliability between the two raters was confirmed using Cohen's Kappa analysis for the EVE30 and modified EVE30 of both AD and healthy controls (k = .947, p < .001).

Regarding semantic scores of premorbid events (see Table 4), AD's semantic retrieval score was 58.3% for the 70-79 period (controls' mean = 65.8, SD = 19.4, p =.72), 66.7% for the 80-89 period (controls' mean = 53.3, SD = 24.9, p =.62), 50% for the 90-93 period (controls' mean = 42.5, SD = 35.4, p =.84), and his total premorbid semantic retrieval score was 60.7% (controls' mean = 57.1, SD = 22.4, p =.88). Regarding the semantic scores of postmorbid events (see Table 4), AD's semantic retrieval score was 62.5% for the 94-99 period (controls' mean = 80, SD = 12, p =.19), 32.5% for the 00-09 period (controls' mean = 39.8, SD = 14.8, p =.65), and 28.6% for the 10-19 period (controls' mean = 78.6, SD = 9.5, p <.001), and his total postmorbid semantic retrieval score was 41.2% (controls' mean = 66.1, SD = 10.5, p =.05). Examples of AD's answers are presented in Table 5.

Regarding the recognition scores of premorbid events (see Table 4), AD's rate of correct recognition was 100% for the 70-79 period (controls' mean = 96.7, SD = 10.5, p =.77), 100% for the 80-89 period (controls' mean = 96.7, SD = 10.5, p =.77), and 100% for the 90-93 period (controls' mean = 90, SD = 31.6, p =.77). His total premorbid recognition score was 100% (controls' mean = 95.7, SD = 6.9, p =.57). Regarding the recognition scores of postmorbid events, his rate of correct recognition was 100% for the 94-99 period (controls' mean = 100, SD = 0, p = 1), 80% for the 00-09 period (controls' mean = 89, SD = 12.9, p =.52), and 85.7% for the 10-19 period (controls' mean = 98.6, SD = 4.5, p =.02).

His total postmorbid recognition score was 88.6% (controls' mean = 95.9; SD = 4.9; p =.19).

The results of Wilcoxon signed-rank tests comparing AD's premorbid and postmorbid performance showed a significant decline in post-morbid semantic retrieval performance (p = .04), but no significant difference was found between premorbid and postmorbid recognition (p = .016). The results of Wilcoxon signed-rank tests comparing controls' performance for events occurring after 1993 and performance for events occurring before 1993 showed a significant improvement in post-morbid semantic retrieval performance (p = .02) but no difference was found between premorbid and postmorbid recognition performance (p = 1).

Finally, regarding the EVE-30 episodic recollection section, AD scored zero in each period from the premorbid episodic recollection part (controls' total mean = 10, SD = 9.2, p =.18) and in each period from the postmorbid episodic recollection section (controls' total mean = 23.2, SD = 8.9, p =.04). In the detail of the episodic premorbid part, significant differences between AD and controls concern the 1990s (controls' total mean = 52.5, SD = 20.5, p =.04) and the 2010s (controls' total mean = 35, SD = 14.8, p =.05). 1970-1979, 1980-1989, 1990-1993 indicate periods of time in which premorbid public events occurred. 1994-1999, 2000-2009, 2010-2019 

Discussion

We have reported the case of a patient with severe AA following extensive bilateral brain lesions, especially affecting the medial temporal lobes. AD displayed little, if any, residual episodic learning capacities. However, spontaneous learning of new words seemed to have occurred after the onset of his amnesia. Even more strikingly, AD showed evidence of spontaneous learning of public events, which is a type of memory of unique events [START_REF] Janssen | Reminiscence bump in memory for public events[END_REF][START_REF] Petrican | Recollection and familiarity for public events in neurologically intact older adults and two brain-damaged patients[END_REF] despite severe episodic memory loss.

AA following ETV

Since his last surgery, AD exhibits bilateral atrophy of the fornices, severe atrophy of the mammillary bodies, predominantly right-sided mesencephalon atrophy, bilateral and slightly predominant left-sided hippocampal atrophy, corpus callosum atrophy, and atrophy of the cingulate gyri, constituting severe damage to the extended hippocampal system. Fornix lesions have often been reported during ETV [START_REF] Benabarre | Neuropsychological and psychiatric complications in endoscopic third ventriculostomy: A clinical case report[END_REF][START_REF] Bonanni | Amnesia following Endoscopic Third Ventriculostomy: A Single Case Study[END_REF][START_REF] Bouras | Complications of endoscopic third ventriculostomy[END_REF][START_REF] Choi | Endoscopic surgery for obstructive hydrocephalus[END_REF][START_REF] Ferrer | Neuroendoscopic management of pineal region tumours[END_REF][START_REF] Hellwig | Endoscopic third ventriculostomy for obstructive hydrocephalus[END_REF][START_REF] Schroeder | Complications of endoscopic third ventriculostomy[END_REF][START_REF] Zhu | Single burr hole rigid endoscopic third ventriculostomy and endoscopic tumor biopsy: What is the safe displacement range for the foramen of Monro?[END_REF], probably as a result of the movement of the endoscope through the foramen of Monro, which is a short conduit between the paired lateral ventricles and the third ventricle of the brain [START_REF] Tubbs | The foramen of Monro : A review of its anatomy, history, pathology, and surgery[END_REF] of which the fornix is a surrounding structure. Fornix damage has been associated with memory impairment [START_REF] Bouras | Complications of endoscopic third ventriculostomy[END_REF][START_REF] Choi | The Fornix: Functional Anatomy, Normal Neuroimaging, and Various Pathological Conditions[END_REF].

In AD, initial fornix lesions were probably induced fortuitously during ventriculocisternostomy. Nevertheless, the extent of lesions remains an open question. The other lesions may have partly appeared in the context of the complications following surgery, but it is possible that some of the multiple lesions are attributable to the degeneration of structures connected to the fornix. Lesions in a neural structure can lead to secondary degeneration of the remote structures connected to them [START_REF] Kinoshita | Ipsilateral atrophy of the mammillary body and fornix after thalamic stroke: Evaluation by MRI[END_REF]. In humans, this phenomenon has been described in cases of surgery for drug-resistant epilepsy, which in some cases consists of resection of the medial temporal lobe [START_REF] Mcdonald | Changes in fiber tract integrity and visual fields after anterior temporal lobectomy[END_REF][START_REF] Winston | Progressive white matter changes following anterior temporal lobe resection for epilepsy[END_REF]. Finally, another hypothesis that may explain the several changes in AD's brain is the loss of quantitative and qualitative stimulation offered by normal life. In patients with traumatic brain injury, it has been shown that the behavioral impairments caused by the lesions led to deleterious modifications in daily functioning and participation in daily activities. The latter would contribute to a downward spiral of negative neuroplastic changes and cognitive disuse that may explain the brain volume loss and white matter alterations encountered in chronic states of traumatic brain injury (for a review, see [START_REF] Tomaszczyk | Negative neuroplasticity in chronic traumatic brain injury and implications for neurorehabilitation[END_REF]. Although he returned to part-time work, his social interactions were limited and superficial, and his life became highly routine, which possibly induced negative neuroplasticity in AD.

Standard cognitive assessment

AD's intellectual capacity, assessed with the French adaptation of the Wechsler Memory Scale 4 th edition (WAIS-IV) [START_REF] Wechsler | Wechsler adult intelligence scale-Fourth Edition (WAIS-IV)[END_REF], was within the normal range. All indices were within the normal range, except for the processing speed index, which appeared to be slightly affected. In addition, executive functioning, as measured by the Wisconsin Card Sorting Test [START_REF] Heaton | Wisconsin Card Sorting Test (WCST)-Manual revised and expanded[END_REF], phonemic verbal fluency test [START_REF] Benton | Multilingual Aphasia Examination[END_REF][START_REF] Lezak | Neuropsychological Assessment[END_REF], Trail

Making Test (TMT) [START_REF] Godefroy | Fonctions exécutives et pathologies neurologiques et psychiatriques[END_REF][START_REF] Reitan | Validity of the Trail Making Test as an Indicator of Organic Brain Damage[END_REF], and Stroop Test [START_REF] Godefroy | Fonctions exécutives et pathologies neurologiques et psychiatriques[END_REF][START_REF] Stroop | Studies of interference in serial verbal reactions[END_REF], seemed to be largely spared from the effects of the complications of his surgery. Timed tasks, such as Stroop's test and TMT-A, also confirmed reduced processing speed. Of note, semantic fluency was impaired, which is frequently observed in AA, presumably because these patients would not be able to draw on their autobiographical experiences to generate words of a given category as healthy subjects do [START_REF] Greenberg | Impaired Category Fluency in Medial Temporal Lobe Amnesia : The Role of Episodic Memory[END_REF]. Working memory, assessed using the WAIS-IV, was efficient. Semantic knowledge, assessed using the vocabulary subtest from the WAIS-IV, was preserved.

In contrast to his largely preserved executive functioning, performance on visual and verbal memory tasks was severely impaired. On WMS-IV [START_REF] Wechsler | MEM-IV: Échelle clinique de mémoire de Wechsler[END_REF][START_REF] Wechsler | MEM-IV: Échelle clinique de mémoire de Wechsler[END_REF], his performance for the Logical Memory subtest was extremely poor, even on immediate recall. After a 30-minute delay, AD was unable to retrieve any details of the story, and during the recognition subtest, he admitted that he picked the answers at random. AD's episodic memory was also assessed with the French adaptation of the FCSRT. Even if the initial encoding phase seemed to be preserved in AD, his performance was strikingly impaired on both free and cued recalls on the one hand and both immediate and delayed recalls on the other hand, confirming massive storage impairment. Performance on the verbal recognition subtest was severely affected, indicating impairment in recognition capacities. Finally, AD's visual recognition memory performance, assessed with the Doors Test, also showed massive visual recognition memory impairment, which indicates that recognition capacities were also affected in the visual modality. These data clearly document that his episodic memory was strikingly impaired in all modalities (verbal and visual memory, episodic recollection, and recognition).

Repetitive behaviors and AA

People around him reported repetitive discourse, repetitive questioning, and repetitive daily rhythm, which were sources of discomfort for AD and part of the burden of his caregivers. Since AD's executive functions were largely preserved, we assume that repetitive questions and repetitive discourse were directly related to his severe episodic memory impairment. Indeed, AD could not memorize what was happening from one hour to another or from one day to another, leading him to repeat questions or actions he forgot, he had already asked or done. In Alzheimer's disease and patients with dementia, repeated behaviours, particularly verbal repetitions, have been associated with episodic memory impairment [START_REF] Cullen | Repetitive behaviour in Alzheimer's disease: Description, correlates and functions[END_REF][START_REF] Kishimoto | Repetitive questioning behavior in Alzheimer's disease : Relationship to regional cerebral blood flow[END_REF][START_REF] Ready | Amnestic Behavior in Dementia: Symptoms to Assist in Early Detection and Diagnosis[END_REF], which [START_REF] Ready | Amnestic Behavior in Dementia: Symptoms to Assist in Early Detection and Diagnosis[END_REF] have called amnesic behaviour. Our study supports the assumption that repetitive speech may be associated with memory impairment, as has been proposed in Alzheimer's disease. However, while repetitive questioning and repetitive discourse seemed to be genuine repetitive behaviours in AD, his repetitive daily rhythm, although very structured and even ritualized, rather seemed to be the manifestation of compensatory strategies that were taught to him during rehabilitation to overcome his memory impairment.

7.4.

A case of relatively preserved semantic information learning despite severe episodic memory impairment 7.4.1. New vocabulary tasks

In the new vocabulary task, AD exhibited explicit knowledge of postmorbid vocabulary despite severe episodic memory impairment. Our results are in line with the growing consensus that in adult-onset amnesia, the ability to learn information about new vocabulary is possible and probably mediated by cortical regions surrounding the hippocampus [START_REF] Bayley | New semantic learning in patients with large medial temporal lobe lesions[END_REF][START_REF] Kitchener | Acquisition of post-morbid vocabulary and semantic facts in the absence of episodic memory[END_REF][START_REF] Mccarthy | Remembering and forgetting of semantic knowledge in amnesia : A 16-year follow-up investigation of RFR[END_REF][START_REF] Verfaellie | Acquisition of novel semantic information in amnesia: Effects of lesion location[END_REF][START_REF] Westmacott | Names and words without meaning: Incidental postmorbid semantic learning in a person with extensive bilateral medial temporal damage[END_REF]. Remarkably, the performance of AD ranked at the same level as that of the healthy controls, even for very recent vocabulary, whereas in in all cases reported in the literature, new vocabulary knowledge was below the normal level [START_REF] Bayley | New semantic learning in patients with large medial temporal lobe lesions[END_REF][START_REF] Kitchener | Acquisition of post-morbid vocabulary and semantic facts in the absence of episodic memory[END_REF][START_REF] Mccarthy | Remembering and forgetting of semantic knowledge in amnesia : A 16-year follow-up investigation of RFR[END_REF][START_REF] Verfaellie | Acquisition of novel semantic information in amnesia: Effects of lesion location[END_REF][START_REF] Westmacott | Names and words without meaning: Incidental postmorbid semantic learning in a person with extensive bilateral medial temporal damage[END_REF]. The difference that could explain these divergent results may lie in the extent of AD's lesions compared with those mentioned above. Most of them exhibited large MTL lesions [START_REF] Bayley | New semantic learning in patients with large medial temporal lobe lesions[END_REF][START_REF] Kitchener | Acquisition of post-morbid vocabulary and semantic facts in the absence of episodic memory[END_REF][START_REF] Mccarthy | Remembering and forgetting of semantic knowledge in amnesia : A 16-year follow-up investigation of RFR[END_REF][START_REF] Westmacott | Names and words without meaning: Incidental postmorbid semantic learning in a person with extensive bilateral medial temporal damage[END_REF]) whereas AD's lesions in the MTL were limited to the extended hippocampal system. Notably, no RA was observed in AD performance, whereas it is a common feature of AA for semantic retrieval [START_REF] Nadel | Memory consolidation, retrograde amnesia and the hippocampal complex[END_REF]. We chose to assess the knowledge about public events using free recall (open-ended description subtest) and recognition of semantic information. Analysis performed on healthy controls revealed that their semantic retrieval performance was better for events occurring after 1993 (year of onset of AD's amnesia) than for events occurring before 1993. This pattern of performance was probably due to the recency effect commonly observed in healthy subjects, characterized by better performance for more recent events than older ones [START_REF] Janssen | Reminiscence bump in memory for public events[END_REF].

For premorbid public events, AD's performance did not statistically differ from that of the controls on the semantic retrieval and recognition subtests. Surprisingly, no RA for premorbid public events was found in AD, whereas this has been observed in temporal lobe epilepsy [START_REF] Haag | Memory for public events in patients with unilateral temporal lobe epilepsy[END_REF], in patients with bilateral hippocampal damage (Manns et al., 2008), and in patients with more extensive temporal lobe lesions [START_REF] Kopelman | Retrograde amnesia in patients with diencephalic,temporal lobe or frontal lesions[END_REF]. On the other hand, the absence of RA for public events was observed in a single case of AA following bilateral lesions of the fornix [START_REF] Poreh | Anterograde and retrograde amnesia in a person with bilateral fornix lesions following removal of a colloid cyst[END_REF]. These authors suggested that the RA for semantic information, and more specifically for public events, when present in patients with MTL damage, may be related either to damage to extra-hippocampal structures or to contamination by attempts to use episodic information related to more recent events.

We found that AD's postmorbid retrieval performance was worse than his own premorbid performance and weaker than that of the controls. His postmorbid performance for recognition did not differ significantly from his own premorbid performance but was significantly weaker than that of the controls. However, a closer look at the different per-period scores suggested that the semantic retrieval and recognition performance of AD remained satisfactory until the 2010s.

The only significant difference was observed for the events of the 2010s, for which the semantic retrieval performance of AD was strikingly impaired compared to that of controls (percentile rank inferior to 1), whereas recognition performance of this decade was also inferior to that of controls, but to a lesser extent (percentile rank of 1). The fact that semantic performance in AD dropped importantly for the very recent events is in favour of a postmorbid temporal gradient, which is characterized by poorer performance with more recent information. For the most recent events, information was not known , and its evocation elicited no feeling of familiarity. We hypothesize that these very recent public events were not given enough time or exposure to be learned. This was probably the case for the events from the decade 2000: these events were probably also subject to a postmorbid temporal gradient a decade ago, but by the time of the present assessment, they probably had sufficient time and media exposure to be slowly learned.

Consistent with this proposal, the RA for public events, seemingly absent in AD, may have been masked by further learning from subsequent media coverage.

This data contrasts with findings from [START_REF] Bayley | Failure to acquire new semantic knowledge in patients with large medial temporal lobe lesions[END_REF], who concluded that their patients E.P. and G.P., who became amnesic following large MTL lesions, had almost no knowledge regarding postmorbid events. These divergent findings could be explained by the different extents of the brain lesions in these patients. Patients E.P. and G.P. had lesions that virtually involved the entire MTL, including the bilateral amygdala, virtually all of the hippocampal region, all of the entorhinal and perirhinal cortices, and much of the parahippocampal cortex [START_REF] Bayley | Failure to acquire new semantic knowledge in patients with large medial temporal lobe lesions[END_REF].

In AD, the MTL was not as severely damaged as only the extended hippocampal system was severely damaged, probably after accidental lesions of the fornix. Our data are more consistent with the findings of [START_REF] Kitchener | Acquisition of post-morbid vocabulary and semantic facts in the absence of episodic memory[END_REF],

whose patient demonstrated significant postmorbid acquisition of public event knowledge, albeit at a lower level than the controls. However, in this study, events were only assessed using recognition tasks, and were divided into two categories (premorbid and postmorbid), regardless of the remoteness of the event, which does not allow for further comparison with the performance of AD.

Even if AD's very recent postmorbid knowledge about public events was poorer than that of healthy controls, it is to be noted that some information was learned; for example, AD recalled correct information about the event "Je suis

Charlie" that occurred in the 2010 decade, but some details were missing (AD had no idea who the perpetrators of the attacks were and thought this event occurred in the 1990s).

A reversal of the post-morbid gradient has been observed in semantic dementia [START_REF] Graham | A reverse temporal gradient for public events in a single case of semantic dementia[END_REF]. In this study, AD showed better performance identifying and recognizing more recent events than older ones. According to the authors, this could have occurred with preservation of episodic memory, mediated by the initial integrity of the structures in the medial temporal lobes in the disorder, while damage to the temporal neocortex could have disrupt normal cortical consolidation over time.

Episodic information

Regarding the episodic recollection subtest of the public event task, AD scored 0 on each item of the personal-related memories subtest of the EVE30 (see Table 4), as all the AD's answers were "I don't know" or "I don't remember" with no exception. Interestingly, controls' performance did not differ significantly from AD weak performance for the episodic premorbid part (p = .18), but only for the postmorbid part (p < .05). This difference cannot be attributed to AD performance, as he scored 0 for all items throughout the premorbid and postmorbid decades. The most plausible explanation for this difference is that healthy participants had fewer episodic memories from 1970 to 1993 and more semanticized ones, leading to poorer episodic recall performance, as observed in neurologically intact subjects [START_REF] Petrican | Recollection and familiarity for public events in neurologically intact older adults and two brain-damaged patients[END_REF]. Regarding postmorbid events, controls' performance differed significantly from AD for the 1994-1999 (p < .05) and-2010-2019 (p = .05) decades. The question of the absence of a significant difference for the period of the 2000s can be legitimately raised. It is important to note that the semantic performance of healthy controls was also reduced for events of the 2000s in comparison to the 1994-1999 period and 2010s (the controls' mean for semantic retrieval was 39.8% for the 2000s versus 80% for the 1994-1999 period and 78.6% for the 2010s), probably because of the original test design of the EVE30. Indeed, an assessment of each decade was provided by three events per decade from the 1920s to the 1990s and nine events to more precisely assess the last decade (2000)(2001)(2002)(2003)(2004). The choice of these events from the latter period may have been relevant at the time the test was published but proved to be less striking at the time of the current study (e.g. the changeover to the euro, the Concorde crash, the "no" victory in the French European Constitution referendum). Moreover, some of these events may have occurred in a similar form later or may have had subsequent developments which could have led to some confusion in our healthy controls (e.g. the Indian Ocean tsunami, Madrid attacks, the forgotten ones of the heatwave). These reasons could explain why statements from the 2000s elicited worse performance from semantic and episodic perspectives in healthy controls.

7.5. Theoretical implications 7.5.1. Consolidation theories

We have shown that AD could not retrieve remote personal memories associated with public events from any period of his life (Table 4, Episodic Recollection), and no evidence of RA for semantic memories was found (Table 4, Semantic Retrieval; Recognition). This observation is not consistent with the traditional consolidation theory, which claims that all declarative memories become independent of the hippocampus with age [START_REF] Bayley | Successful recollection of remote autobiographical memories by amnesic patients with medial temporal lobe lesions[END_REF], but is consistent with MTT, which posits that the hippocampus is always required for the retrieval of remote personal memories but not for semantic memories [START_REF] Nadel | Memory consolidation, retrograde amnesia and the hippocampal complex[END_REF]. Regarding the acquisition of new information, these theories do not account for AD's ability to learn new declarative information because they postulate that the hippocampus is always required to form new memories, including semantic memories [START_REF] Bayley | Failure to acquire new semantic knowledge in patients with large medial temporal lobe lesions[END_REF][START_REF] Gabrieli | The impaired learning of semantic knowledge following bilateral medial temporal-lobe resection[END_REF][START_REF] Sekeres | The hippocampus and related neocortical structures in memory transformation[END_REF][START_REF] Winocur | Memory transformation and systems consolidation[END_REF].

Semantic learning and its underlying mechanism

As has been shown, AD showed knowledge about new vocabulary with performance which did not differ from the controls, even for the very recent vocabulary. Regarding public events, knowledge of these events remained satisfactory years after the onset of his amnesia, but his performance dropped for very recent events. It is unlikely that this explicit learning relied on non-declarative memory, because the information that was learned was flexible and consciously accessible. Was this acquired knowledge the result of residual episodic abilities or was it based on an alternative explicit learning mechanism? As we saw above, the cognitive and behavioral profile of AD attested to a dense episodic impairment, with no evidence of episodic learning abilities that could explain the learning of new semantic information: he has shown his inability to learn a logical story or to recognize it. His performance in learning a list of words or series of pictures also showed profound deficits in both recall and recognition. Furthermore, he knew about certain premorbid and postmorbid public events but had no episodically based contextual details about them, such as the source (although AD listened daily to radio and television programs). He also exhibited repetitive behaviours that have been attributed to episodic memory impairment in Alzheimer's disease and patients with dementia [START_REF] Cullen | Repetitive behaviour in Alzheimer's disease: Description, correlates and functions[END_REF][START_REF] Kishimoto | Repetitive questioning behavior in Alzheimer's disease : Relationship to regional cerebral blood flow[END_REF][START_REF] Ready | Amnestic Behavior in Dementia: Symptoms to Assist in Early Detection and Diagnosis[END_REF]. From the perspective of the functional organization of the brain, it has been proposed that the preservation of certain components of the extended hippocampal system may account for residual episodic capacities (Jonin et al., 2017). AD exhibited bilateral atrophy of the fornices, severe atrophy of the mammillary bodies, and reduced thalamic and hippocampal volumes, indicating extensive damage to the extended hippocampal system, in line with dense amnesia.

Despite these arguments, the possibility that some residual episodic abilities may remain cannot be excluded. Indeed, [START_REF] Hassabis | Patients with hippocampal amnesia cannot imagine new experiences[END_REF] showed in a functional MRI study of an amnesic case that semantic acquisition was associated with activation in the residual hippocampal tissue when it was thought to be non-functional. The fact that learning of simple information such as new vocabulary could occur through residual episodic capacity seems plausible; it seems much more questionable that residual episodic capacities could handle learning of more complex information such as public events. More importantly, we believe that the absence of RA and the existence of a difference in performance between vocabulary and public events are strong arguments against the hypothesis that AD's learning of new information was based on residual episodic capacities. We think that if that had been the case, then he would have also expressed a postmorbid temporal gradient for new vocabulary as in patient PS, who had lesions confined to the hippocampus, bilaterally [START_REF] Verfaellie | Acquisition of novel semantic information in amnesia: Effects of lesion location[END_REF].2000) In this case, PS performance was more impaired for more recent post-morbid vocabulary than for more remote ones, even though his episodic memory was not as severely compromised as that in AD: as pointed out by [START_REF] Jonin | Superior explicit memory despite severe developmental amnesia: In-depth case study and neural correlates[END_REF], PS achieved a general memory index of 90 from the Wechsler Memory Scale-Revised [START_REF] Wechsler | WMS-R: Wechsler Memory Scale-Revised[END_REF], suggesting important residual episodic learning abilities. We hypothesize that his postmorbid temporal gradient for vocabulary may have resulted from "contamination" by residual episodic capacities that were preferentially activated in an attempt to learn this information, but in an ineffective way due to the episodic memory impairment (as derived from [START_REF] Poreh | Anterograde and retrograde amnesia in a person with bilateral fornix lesions following removal of a colloid cyst[END_REF] who used this hypothesis to explain the phenomenon of RA). However, in the absence of residual episodic capacities, we propose that the learning of new information is mediated by an alternative learning mechanism, probably based on semantic memory. In AD, this mechanism seems to be efficient for simple semantic information, such as vocabulary, and can handle more complex information, such as public events but in a less efficient way than episodic memory. From a neuroanatomical perspective, this alternative system probably relies on peri-hippocampal structures, as proposed by O'Kane et al.

(2004), or on neocortical structures [START_REF] Greenberg | Interdependence of episodic and semantic memory : Evidence from neuropsychology[END_REF][START_REF] Pitel | How do Korsakoff patients learn new concepts?[END_REF]. If these structures are damaged in addition to the hippocampus, the potential to acquire new information is reduced or likely non-existent.

In summary, with efficient episodic memory, the learning of complex information is fast, flexible, contextualized, and person-centred, which leads to a rapid acquisition of knowledge. When episodic memory is abolished , acquisition of new information may occur through an alternative learning mechanism, in a more effective way compared with the case where residual episodic abilities remain. This mechanism, presumably based on semantic memory, would be supported by peri-hippocampal structures or by an alternative neocortical route, and would result in a slow, inflexible process based on error-prone semanticization of knowledge.

Limitations of the study

The present study had a number of limitations. First, the small sample size of the healthy controls could have led to an overestimation of AD's semantic learning abilities. Nevertheless, the statistics used here have been shown to remain stable, maintaining the Type I error risk under the threshold of 5%, even in the case of small samples [START_REF] Crawford | Comparing an individual's test score against norms derived from small samples[END_REF][START_REF] Crawford | Evaluation of criteria for classical dissociations in single-case studies by Monte Carlo simulation[END_REF]. Second, we did not quantify his media exposure, which could be different from people of his age and social status. Questioning him about this point did not indicate excessive media exposure, as AD claimed that he watched television once a day and listened to the radio on his way to work and coming home from work. Furthermore, we operationalized the novelty of the words in relation to when they entered the French dictionary, but it must be noted that the entrance of new words into the dictionary is a slow process; therefore, it is likely that some of the new words emerged years before their appearance in the dictionary. However, most of the words corresponding to the most recent period referred to concepts that did not exist when AD became amnesic. For this reason, we believe that this test remains a reliable indicator of new knowledge acquisition.

Moreover, comparison with premorbid vocabulary was not possible because of the unavailability of this data before 1998. However, it seems unlikely that AD's premorbid performance would have been impaired, as he performed well on standard semantic tests and his postmorbid semantic vocabulary was satisfactory. Another limitation is that at the moment of the modified EVE30 design, we added recent public events whose notoriety over time was not known or predictable. Indeed, media coverage may vary from one public event to another, and these differences could have biased our interpretation of the decrease in performance observed for the most recent events. However, as this parameter was not controlled in the original EVE30 design, it seems implausible that this factor could alone explain the different patterns of performance between AD and the controls. Finally, we based our conclusions on the assumption that AD acquired new knowledge in the absence of episodic memory. However, we must acknowledge that we cannot rule out that this learning could have been based on residual episodic memory capacity, although we found no evidence for this.

Conclusion

We have reported the case of a patient with severe AA following extensive bilateral brain lesions, especially affecting the extended hippocampal system in the context of ETV at the age of 28 years. These lesions led to relatively isolated but severe AA, characterized by massive storage and recognition impairment, with no evidence for residual episodic capacities. We showed that his AA was associated with prominent clinical manifestations of repetitive behaviour, which was found to be a source of distress for AD and his caregivers. We also showed that AD learned new vocabulary, even words that appeared very recently. Notably, we also showed that, in striking contrast to his dense AA, information that usually relies strongly on episodic memory may be learned in the case of AA, albeit at a slower pace. Indeed, he knew about public events that occurred in France and the world after the onset of his amnesia until the 2000s. Moreover, the observed differences between post-morbid knowledge of new words and post-morbid knowledge of public events are an argument that learning new information may not rely on residual episodic capacities, but is likely to be supported by an alternative learning system, presumably based on semantic memory, which may be underpinned by peri-hippocampal or neocortical structures. Further studies are needed to determine whether learning of postmorbid unique events, such as public events, is a phenomenon that can be observed in other patients with AA and to examine in more detail the alternative learning system and the cerebral networks that support the learning of complex information in this condition. 

  using a whole-body 3-T scanner (MAGNETOM Prisma, Siemens Healthcare, Erlangen, Germany), which had a 64-channel head and neck coil, and was performed at the Department of Radiology at the University Hospital of Saint-Etienne. The acquisition protocol included a three-dimensional (3D), T1-weighted magnetization prepared rapid gradient echo (MP-RAGE) sequence and a three-dimensional (3D) MPRAGE sequence modified to generate two different images at different inversion times (MP-2RAGE©) covering the whole brain. The acquisition parameters for the imaging sequences were as follows: 3D, T1-weighted MRI used an isotropic resolution of 1 × 1 × 1 mm 3 , repetition time (TR) of 2300 milliseconds (ms), echo time (TE) of 2.67 ms, inversion time (TI) of 1090 ms, and acquisition matrix of 256 × 256 and included 208 slices. The MP-2RAGE© used an isotropic resolution of 15000 ms, TE of 2.9 ms, inversion time (TI) of 700 ms, and acquisition matrix of 256 x 256 and included 176 slices. Atrophy rating was performed on 3D T1-weighted sequences by two experienced evaluators (C.B., F.S.;[START_REF] Boutet | Is radiological evaluation as good as computer-based volumetry to assess hippocampal atrophy in Alzheimer's disease?[END_REF] who visually assessed AD's scans.

Fig. 1 .

 1 Fig. 1. AD's brain: T1-weighted MRI showing bilateral atrophy of the fornix (white arrow on coronal image A); predominantly rightsided mesencephalon atrophy (white * on axial image B); corpus callosum atrophy (black *) with focal slimming located on the body of the corpus callosum and cingulate gyri atrophy (white arrow) on sagittal image C and bilateral and slightly left-lateralized hippocampal atrophy (white arrow on coronal image D). L = left; R = right.

  on the Intelligence Quotient (IQ) full scale (53rd percentile). His verbal comprehension, perceptual reasoning, working memory, and processing speed index scores were 112 (79th percentile), 98 (45th percentile), 103 (58th percentile), and 86 (18th percentile), respectively.4.2.1.2. Cognitive functionsHis performance on executive tests (WCST, verbal letter verbal fluency test, TMTB, and Stroop test) was found to be in the normal range, except for semantic fluency performance (z= -1.66) and TMT-A (3-8% percentile). Working memory performance, assessed with the Digit Span subtest from the WAIS-IV, was within normal range (58 th percentile), as was semantic knowledge assessed with the Vocabulary subtest from the WAIS-IV (50 th percentile).

Fig 2 .

 2 Fig 2. New words test (see text for details) detailed list of stimuli. The word list is organized according to the time period they entered the French dictionary.

  First, the participants had to provide the definition of each word (open-ended question) scored on one point. For the open-ended questions of the standardized test, scores were graded from 0 to 1. A score of 0 was given for an incorrect or no answer, 0.5 for a vague definition in the correct semantic domain but without relevant features (example of a vague definition to the question: can you define the word Micro-trottoir [street interview]: "A Micro-trottoir is an interview conducted in the street"), or 1 for the main meaning of the word as contained in the full definition (example of a full definition of the word Micro-trottoir [street interview]: "A street interview

  compared to that of healthy male subjects matched in age (AD was 55 years old at the time of testing; healthy controls mean age = 52.7 ± 2.87, range: 50-58, p =.34) and education (AD's years of education = 9; healthy controls mean years of education = 9, range: 6-12, p =.5) and without known pathology. Volunteers were recruited from the Technical Department of the Psychiatric Hospital of Limoges. All participants provided written informed consent and did not receive any monetary compensation. This study was approved by the Ethics and Research Committee of the Psychiatric Hospital of Limoges and an independent protection committee (2019-A02009-48). The healthy control inclusion period was 2020, and each participant completed 2 hours of testing at the Limoges Memory Resources and Research Center.

Fig. 3 .

 3 Fig. 3. AD performance on the NWQ = New Words Questionnaire. The Y-axis shows raw scores, and the X-axis shows periods of time.

Table 1 :

 1 Cognitive profile of AD. WAIS-IV = Wechsler Adult Intelligence Scale 4th edition

  ; Stroop Test (Godefroy & GREFEX, 2008;[START_REF] Stroop | Studies of interference in serial verbal reactions[END_REF] 

	General Intelligence (WAIS-IV)	Raw score	Normed score
	Full Scale IQ	101	53	rd percentile
	Verbal Comprehension Index	112	79	th percentile
	Perceptual Reasoning Index	98	45	th percentile
	Working Memory Index	103	58	th percentile
	Processing speed Index	86	18	th percentile
	Episodic Anterograde Memory			
	Logical Memory (WMS-IV)			
	Logical Memory I: Immediate Recall	8	0.4	th percentile
	Logical Memory II: Delayed Recall	0	0.1	st percentile
	Logical Memory II: Recognition	6	≤0.4	th percentile
	16-item French FCSRT (RL/RI-16)			
	RL/RI-16: Immediate Encoding performance (/16)	14	15	th percentile
	RL/RI-16: Immediate Total Recall (free + cued) (/48)	14	<1	st percentile
	RL/RI-16: Recognition (/16)	12	<5	th percentile
	RL/RI-16: Delayed Free Recall (/16)	0			-5.3
	RL/RI-16: Delayed Total Recall (free + cued) (/16)	3	<1	st percentile
	Doors test (A + B) (%)	33,35	<1	st percentile
	Semantic Knowledge			
	Vocabulary subtest (WAIS-IV)	34	50	th percentile
	Language production			
	Phonemic fluency	20			-0.15
	Semantic fluency	17			-1.66
	Working Memory			
	WAIS-IV Digit span	24	37	th percentile
	Executive Functions			
	WCST			
	WCST: categories	6	>16	th percentile
	WCST: Total percentage errors	11	95	th percentile
	WCST: Total percentage conceptual responses	86	92	nd percentile
	TMTTMT			
	Part A	53	3-8 percentile
	Part B	91	25-74 percentile
	Stroop test			
	Stroop test: Color Naming	86			-1.6
	Color Naming errors number	0		
	Stroop test : Reading	54			-0.8
	Reading errors number	0		
	Stroop test : Interference	128			-0.37
	Interference errors number	0		

Table 2 :

 2 Stereotypy Rating Inventory (SRI)[START_REF] Shigenobu | The Stereotypy Rating Inventory for frontotemporal lobar degeneration[END_REF] scores in AD

	Type of RB	Present/absent (+/-)	Frequency	Severity
	Eating and Cooking	-	-	-
	Roaming	-	-	-
	Speaking	+	extremely frequent	moderate
	Movements	-	-	-
	Daily Rythm	+	frequent	moderate

Table 3 :

 3 New

word performance of AD. NWQ = New Words Questionnaire

(Thomas-Anterion et al., 2009)

; NWT = New Words Test (experimental task). For the NWQ, the results are expressed as total scores and scores per period.

  Collapse of the World Trade Center). Participants' responses were not limited in time, and each open-ended response was scored out of two points per event. The participants were given 2 points if the event was correctly and precisely defined, i.e. if the open-ended response corresponded to the correct description of the event suggested by the test (example of a precise open-ended response about the event

	6.1.3. EVE30 and modified EVE30 scoring scheme
	Two independent raters (LCP and CD) examined the EVE30 and modified EVE30 responses. They were blind to the
	identities of the participants (AD or healthy controls). First, in the open-ended description subtest, participants were
	asked to recall what happened (nonpersonal-related information) during a specific event associated with a cue, which
	was a visually displayed short evocative sentence (e.g., Collapse

of the World Trade Center: "a terrorist attack carried out by Al-Qaida terrorist organization, in which hijacked planes flown deliberately into the twin towers in New-York, causing their collapse"), one point if the definition was correct but lacked key elements (example of imprecise definition of the event Collapse of the World Trade Center:

Table 4 :

 4 Public event performance. Results are expressed by task type (semantic retrieval; recognition; episodic recollection), and time period.

  indicate periods in which postmorbid public events occurred.

	EVE30	AD's % Score	AD's Percentile Rank	Controls %mean (SD)	p value
	Semantic retrieval				
	Premorbid Scores				
	1970-1979	58.3	36	65.8 (19.4)	.72
	1980-1989	66.7	69	53.3 (24.9)	.62
	1990-1993	50	58	42.5 (35.4)	.84
	Total	60.7	56	57.1 (22.4)	.88
	Postmorbid scores				
	1994-1999	62.5	10	80 (12)	.19
	2000-2009	32.5	32	39.8 (14.8)	.65
	2010-2019	28.6	<1	78.6 (9.5)	<.001
	Total	41.2	3	66.1 (10.5)	.05
	Recognition				
	Premorbid Scores				
	1970-1979	100	61	96.7 (10.5)	.77
	1980-1989	100	61	96.7 (10.5)	.77
	1990-1993	100	62	90 (31.6)	.77
	Total	100	72	95.7 (6.9)	.57
	Postmorbid scores				
	1994-1999	100	50	100 (0)	1
	2000-2009	80	26	89 (12.9)	.52
	2010-2019	85.7	1	98.6 (4.5)	.02
	Total	88.6	9	95.9 (4.9)	.19
	Episodic Recollection				
	Premorbid Scores				
	1970-1979	0	11	11.7 (7.5)	.11
	1980-1989	0	30	6.7 (10.9)	.3
	1990-1993	0	29	15 (22.4)	.29
	Total	0	18	10 (9.2)	.18
	Postmorbid scores				
	1994-1999	0	4	52.5 (20.5)	<.05
	2000-2009	0	21	9 (9.1)	.21
	2010-2019	0	5	35 (14.8)	.05
	Total	0	4	23.2 (8.9)	<.05

Table 5 :

 5 Examples of AD's answers in the EVE30 test and modified EVE30 with scoring. OED, open-ended description; QoD, question of detail.

	Death of Lady Di (1997)	AD's answer	Score
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