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Brain activation in HSAM

Abstract

This is the first study to examine functional brain activation in a stage of Highly Superior
Autobiographical Memory (HSAM) who shows no sign of OCD. While jones work has documented the
existence of HSAM, information about brain areas involved in this exegptiorm of memory for personal
events relies on structural and resting state connectivity data, with mixed sesialtsIn this first task-based
fMRI study of a normal individual with HSAM, dates were presented as cues amth&ses were assessed
during memory retrieval, initial access and later elaboration. Results shatvéaitthl access was very fast, did
not activate the hippocampund involved activation of predominantly posterior visual areas,dim@ithe
precuneus. These areas typically become active during later stages ddtelatbmfrpersonal memories rather
than during initial access. Elaboration involved a balanced bilateral activatiamsbbfithe autobiographical
network areas, rather than the more typical shifts observed in peitipbeit HSAM. Overall, the pattern of
brain activations, which rests on repeated observations in a single indiviidiilghts a strong involvement of
the precuneus and an idiosyncratic initial access to personal memory riggi@sgnimplications for the nature

of personal memories in HSAM are discussed.

Keywords: Autobiographical memory network; Highly Superior Autgbéphical Memory (HSAM); brain
imaging; precuneus
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Introduction
Memory for personal events is typically far from perfect. Althougbpbe can remember personal events across
their lifespan, with a clear increase for young adulthood experiencesig@eence bump, e.g. Jansari & Parkin,
1996), usually only a handful of events are remembered in dataihéh year of life. Two recent single-case
reports (Parker et al, 2006; Ally et al, 2013), and four group st(idés®ort et al, 2012; LePort, Stark,
McGaugh, Stark, 2016; 2017; Santangelo et al, 2018) however, have chatlem{jedts of autobiographical
memory. The case studies (Parker et al, 2006; Ally et al,)2Es®ribed two individuals with the exceptional
ability to remember in detail almost every day of their life (Parker €086; Ally et al, 2013). This rare ability,
which has been called either hyperthymesia (Parker et al, 2006) by $uglerior autobiographical memory
(HSAM), questions the current thinking about autobiographical memorgifiafter ABM) as being of limited

capacity.

The processes responsible for HSAM are still largely unknown, as unknaeviretiser ABM encoding
and retrieval processes in these individuals function in a way similar to timalnmwpulation. Data on brain
activation can provide valuable information on this issue as the nebivarkas involved in autobiographical
memory in the normal population is relatively well known (e.g McG@ig®1; Svoboda et al, 200Burianova,
Mcintosh, Grady, 201)0 Activation data in individuals with HSAM can reveal the extent to whiclsamee
network of brain areas is involved as found in the normal populatigrhether new areas, typically not part of
the autobiographical memory network are also involved. In the present stuelkawine the brain activation of
a new case of HSAM who, differently from the two previouslglighed cases, and the individuals examined in
LePort et al (2016; 2017) and Santangelo et al (2018) has no form olfgggthT he case described by Ally et al
(2013) was an individual who was completely blind from birth, red@t@n that might have changed encoding
processes, and determined the reorganization of a numbeairofibeas, including those involved in personal
memories. Indeed, it is difficult to know which differences in braiacsure may be due to blindness and which
may be accountabley superior memory. The neuropsychological battery used by Parke2808)) (n the first
reported case revealed the presence of a dysexecutive syndrome, atedimparform of Obsessive
Compulsive Disorder (OCD). In addition, the woman described by Parlai(2006) kept a very detailed diary
of her entire life, that she constantly rehearsed, which by some hasdresidered the factor responsible for
her exceptional memory (e.g. Marcus, 2009). Consequently, thesaseaeports offer only limited insight

into this exceptional condition.
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A study reporting structural brain data on a groufifidividuals with HSAM (LePort et al, 2012)
used four brain imaging methods to compare brain structure iflvH8A controls. Local concentration of grey
and white matter in any given voxel throughout the brain was asseshedoxél Based Morphometry Grey-
Matter (VBM-GM) and Voxel Based Morphometry WhiteMatter (VBM-WM); Diffusion $enlmaging-
Fractional Anisotropy (DTI-FA) assessed differences with controls in wahdgtiéer microstructure, while
differences in shapes of brain regions were examined using Teased Blorphometry (TBM). Results
identified nine brain regions that, depending on the type of neuroanat@mnalysis used, discriminated HSAM
from control in terms of concentration of grey/white matter, shapeeafegion and white matter tract
coherence. These regions include the inferior and middle temporal gyri gmor&épole (BA 20, 21 and 38,
respectively), the anterior insula, the parahippocampal gyrus, (BA 3éhaimferior parietal sulcus. White
matter tract coherence was also higher in HSAM patrticipahiisile these data provide additional insight into
potential differences between individuals with HSAM and controls, attributimgtibnal differences to
structural differences can be somewhat problematic. As the authors themselves recognize “It is not known of
course, whether the anatomical differences observed in our analyses drggarakesulting from HSAM
participants’ memory performance.” (p.16). They also recognize that some of these anatomical differences

might not be linked to HSAM per se, rather to OCD, that was observed intmaoréalf of the participants.

Very recently, a study (Santangelo et al, 2018) reported fMRI data on adfrmgividuals with
HSAM and a control group. Participants were presented with cues that refatreditst or the last time a
specific event happened, for example “The last time you took &ain” or “The first train ride”. While memory
performance was good among their HSAM participantst tlesults might be linked to the specific
characteristics of the retrieval processes triggered by this type of material v&€Heslecues not only refer to
specific events in a person’s life, they already contain elements of it. These results provide important
information on brain areas activated in HSAM individuals while trying to remember these ‘first time’ and ‘last
time’ specific events. However, what HSAM is characterized by is extensive retrieval of personal memories in
response to dates. Five more HSAM individuals tested in our lab, but not repengedvhile being superior to

the control group also in response to event cues, truly excelled onlyredpgonding to dates.

We aimed at addressing some of the concerns and gaps of preuiias bly examining in a single-
case study a 21 year-old adult, BB, who presented no sign of OG&maar other pathological conditions,

who had no physical impairment, and had a notimligh level of intelligence. In response to dai&B,was
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able to remember almost every day of his life from approximately ageéhngldetailed study of this case, which
includes fMRI data, in addition to describing the specific characteristics afitingdual, might contribute
novel insight into the processes responsible for HSAM. His functioaal bctivation was assessed against

previous group data examining areas that are active in the Autobiograybivalry Network.

The Autobiographical Memory Network

Autobiographical memory is in itself a highly complex system involararge number of cognitive
and non-cognitive components. Cognitive components include epesodisemantic processing (Conway &
Pleydell-Pearce, 2000), executive functions (Cabeza& Nyberg, 206@)ahimagery (Ogden, 1993), emotion
(Addis, Moscovith et al, 2004) and setdfferential processes (e.g. D’ Argembeau et al, 2010; Gusnhard et al,
2001; Craik et al, 1999).

Major reviews of brain imaging studies of ABM (e.g. Maguire, 200bb8da et al, 2006) have
revealed a core network of areas involved in remembering one’s personal past. These areas include cortical and
subcortical regions in both hemispheres. Maguire (2001), in a review 6fg¢h11 neuroimaging (PET and
fMRI) studies of retrieval from ABM, identified a network of predominaiely lateralized cortical areas which
included retrosplenial/posterior cingulate cortex, medial temporal regions, therég@petal junction, medial
prefrontal cortex (Brodmann areas 10,11,9), temporopolar cortexeaebellum. A more recent meta-analysis
of 24 functional studies of ABM retrieval by Svoboda et al (2006) aupgMaguire’s (2001) earlier findings.
These authors also proposed a distinction between a core networctirss activated across most ABM
imaging studies (at least in 10 of the 24 studies examined) and twaeth@f structures that are less present
(secondary regions) or only rarely present (tertiary regions) i4tstudies. The core network included the
medial and lateral temporal cortex, the temporoparietal junction, the medial and latepénetabiposterior
cingulate cortex, the cerebellum, and the ventrolateral prefrontal cortex. Cortgp#regattern identified by
Maguire (2001), Svoboda et al (2006) observed less involvement eftip@ropolar cortex, and a more
prominent role for the ventrolateral prefrontal and lateral temporal cortices, whietbban thus included by
Svoboda et al in the core network. The secondary regions (those activatéehist five of the studies) were
areas in the dorsolateral prefrontal cortex (BA 9, 9/46, 46), supeeidiahand superior lateral cortex (BA 6),
anterior cingulate (BA 25, 32, 24), medial orbitofrontal, temporopoldroacipital cortex, thalamus and
amygdala. Tertiary regions, found in less than 5 studies, wereotitalfeye fields, motor cortex, medial
(precuneus) and lateral parietal cortex, fusiform gyrus, superior areirtateral temporal cortex, insula, basal

ganglia and brainstem.
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While the pattern described above is the typical pattern of brain activation assoiiatedrieval
from ABM in normal individuals who can remember some but certaioat their past experiences, still little
is known, so far, about patterns of activation in individuals withMSAssessing the extent to which areas
activated during retrieval in our HSAM case match the core network ofdesasbed by Svoboda et al (2006)
in their meta-analysis represents then an important step in understtmislicgndition.

In this study, functional MRI data were obtained using dates as cues and aventeaielated
activation paradigm structured to capture essential differences in the time @oBd retrieval. The method
followed closely the procedure by Daselaar et al, (2008). Brain actragymodelled in two ways, firstly when
the memory initially surfaced to mind (initial access), and secondigglataboration, when the memory was
fully formed and detailed. In the average individual, initial access can be ebldtist (<5 sec) in the rare cases
of direct retrieval (see Conway & Pleydell-Pearce, 2000), while theepsoof retrieving a fully detailed
autobiographical memory is a relatively lengthy reconstructive proces&mgay, 2005), making it possible
to map the time course of changes in brain activation, and differeatésgte contributing to the initial access to
a memory from those involved in the subsequent elaboratiomiBxey brain activation both when memory is
accessed and when it is elaborated provides an additional advantage for maatetlirgvariability in the time
to access a memory represents an inherent ‘‘jitter’” between the time of the cue and access to the memory
(Daselaar et al, 2008). While in the scanner, our participant was asked to indieata memory had first
surfaced to mind in response to cues. In our case cues were inddatesie.g. 17 July 2000), as the ability
to respond with memories to dates is a specific marker of HSAM. When still scdheer, our participant was
also asked to indicate again when the memory was fully formed and detailed. Deisal¢2008) found that
initial access (i.e., early stage of retrieval) to individual memories recthigedght hippocampus as well as
retrosplenial, medial and the right prefrontal cortex, whereas visual ardadirigche precuneus, and left
prefrontal cortex showed increase in activation at a later time, during elabaraitiolividual memories when
more details were added (see also Cabeza & St Jacques,Q0¥js the first study of task-based brain
activation in a single HSAM individual with no sign of OCD, and as sucasitthainly an exploratory aim, with

the potential to show that OCD is not a necessary trait in determining HSAM.

Method

Participants
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Our HSAM participant, BBywas a healthy male, aged 20 at the time of testing. He was a second-year
undergraduate student at a UK University. Informed consent was obteiford starting the study. On some
cognitive and neuropsychological tasks, we also tested a control groupnoividuals of the same age and
education level of BB (age range 20-21, 9 females). A control grblip adults of the same age and education
level was tested in the scanner to obtain structural data. The study was appriheithics Committee of the
University of Hull, UK, and the local Ethics Committee at the IRCCS Fondazione &sy#ah Camillo,

Venice, Italy, where scanning took place.

Material and Procedure

An overview of the procedure is presented in Figure 1. BB underwenitiahscreening with the Hull
Memory Screening Questionnaire (De Bartolo et al, 2016), followed byddiional semi-structured
interviews. He subsequently completed a large battery of memory tesesgpenifically designed for this
study, the results of which are reported elsewhere, DeBartolo et al, 2886),comprehensive battery of
neuropsychological tests.

The Hull Memory Screening Questionnaire contains 20 questions, askingfralgoency, content of
personal memories starting from the first personal memory up toBadgre dddition, for each event, the
participant is asked to report retrieval effort and additional elements about th@hdaguestionnaire also
includes questions referring to events which happened on ten falatmss(e.g. 11/09/2001), questions about
the use of a mental calendar and the frequency of use of dates aw ARBIfretrieval. Memory strategies
were also investigated, as well as OCD and OCD traits (e.g. keeping a diactjrapobjects etc). Most
guestions were chosen to cover what previously described as the maictetistics of memory in HSAM (e.g.
Parker et al, 2006; CBS documentary, online material).

The main memory battery included visual and verbal long-term anttghor memory tasks from
WAIS Il and WAIS R; WMS-R; CVLT; REY; Benton. It also included RFM and thdTA(lvanoiu, Cooper,
Shanks & Venneri, 2006), a modification of the AMI (Kopelman, WilsBaddeley, 1990).

Ad hoc memory tests examined episodic memory, episodic autobicgbmemory and memory for
public events. These included the Autobiographical Dates Test, the main memosgdeist this study, in
which approximately 500 dates were generated at random, and The Birithdayy test which asked to report
what happened on 11 birthdays. The control group was also tested etasless(100 dates for the AB Dates

test).
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An extensive battery of neuropsychological tests examined a vast array oiveofymittions including
executive functions, attention and intelligence (see Table 1). The oneRidbrthere are data from the control
group are reported in Table 1

For the fMRI scanning, two sets of 50 dates were selected threbstmiore the scanning which took
place in June 2012, by presenting BB with 288 dates, which coveretktheys 15 years (1998011
included), and asking him to mark ‘Yes’ and report the title and a brief description of the memory for that date,
if he had any memoryr to mark ‘No’ if he had no memory for that date. The 50 ‘Yes’ dates were taken
randomly from the lager pool of “Yes’ responses, with the constraint that only 5 dates from each given year
were included. The second set of 50 dates comprised ‘No’ dates. Importantly, the consistency of ‘Yes’ and ‘No’
dates was verified over several testing occasions, to ensure that the mostiaggptesting material would be
chosen for the experimental stu@®uring fMRI scanning, ‘Yes’ and ‘No’ dates (date/month/year) were

randomly intermixed.

Procedure- Screening and Behavioral examination

BB contacted the first author via email, expressing an interest in being testsgdonse to media
advertisements (articles in newspapers, and radio (BBC, UK) intervielis)isg individuals with an
exceptional memory for personal events to contact the first author. He settéistfriends claimed he had an
exceptional memory for personal events, although he did not cohgdmemory really exceptional. Out of 15
individuals who initially responded to the ads, BB was the only one uteessfully completed the screening
and the two subsequent semi-structured phone interviews on 2Q@lases at random by the experimenter.
The participant was asked to report in detail any memory associated with eeific siate.
Neuropsychological tests along with the initial battery of memory tests weliaismed in two separate
sessions, held two weeks apart (2 months after the initial screeniogamdonth after the phone interviews)
Testing order was scheduled to avoid interference across tests. In addigorral planned breaks, each
testing session could be interrupted any time the participant requested taAddisonal memory testing using
300 out of the 500 initial dates was done over the phone after these twoseatstlifferent points in time, with
intervals ranging between 1 and 3 months between each otbedginto assess test-retest reliability. A subset
of the dates (100) was presented on two additional occasions, with a twlvimental between each
presentation. Consistency in the reports was assessed by two indepataisnivho segmented each report into

meaningful units (see Fotopoulou (2005). Consistency could be sg®@8 (same unit in all three reports), as
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a 2 (present in 2 reports), and 1 (present in one report). Consistgrensonal memory reports was also
assessed for the day of the week, across two repetitions of 24 tatkswere randomly selected from the
dates reported as ‘remembered’ in the scanner.

All tests were administered in person by the second author.

Testing of the control groups followed. Consistency was not asségbtxbts were administered by
the first, second and fifth authors.
MRI acquisition, pre-processing and analysis

Brain scanning for this study took place at the IRCCS Fondazione Osgeada@amillo in Venice, Italy
for both BB and, separately, a control group for structural scammiyg Scanning took place three months
after the dates for the scanner were received from BB. Scans were acqur&ddnPhilips Achieva MRI
systemfitted with a Sense head coil. The scanning protocol included the acqui@idrieveighted structural
scan, five functional scans, a T2-weighted axial scan, and a fluid attenuagesidnvecovery (FLAIR) scan.
To address the experimental questiaroeplanar single shot T2* weighted MRI images were acquired (TR = 2
s, TE =50 ms, flip angle = 90°, voxel dimensions 82 3.28 x 5.00 mm, field of view 230 mmYwo hundred
and forty volumes 020 contiguous axial slices were acquired in ascending order in each rurruiBagas
preceded by 20 seconds of dummy scans to allow the scannechegalibrium, for a total scanning time of
eight minutes and 20 seconéféve runs were acquired. Total imaging time, including localisation tnctsral
image acquisitions, was approximately fifty-five minutes. In additios,T1-weighted image was also used to
test for the presence of significant volumetric traits. This image wasb® Figld Echo acquired based on the
following specifications: voxel dimensions 1.1 x 1.1 x 0.6 mm, fidéldiew 250 mm, matrix size 256 x 256 x
124, TR=7.4ms, TE = 3.4 ms, flip angle = 8°.

Imaging data were analyzed using Statistical Parametric Mapping (8Phge analysis software (The
Wellcome Centre for HunmeNeuroimaging, London, UK). The T1-weighted image was processethtrg
with the T1 image of 10 male adults of comparable age and educational attésnBB with normal memory
Images were initially segmented to separate maps of grey and white fnestt@erebrospinal fluid. Maps of
grey and white matter were normalised based on the SPM 8 anatomical templateoathed with an 8 mm
full-width at half maximum Gaussian kernel. Functional images were inslieaetime corrected and then all
volumes were realigned after creating a mean as reference and re-slicetf"Baggee B-Spline interpolation
methods to adjust for residual motion related signal changes. Volueneghen spatially normalized to the

standard EPI template available in SPM 8 using non-linear estimation ofgtara. Normalized images were
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then spatially smoothed with a 9 x 9 x 9 mm width at half maximutrojgic Gaussian kernel to compensate
for any residual variability after spatial normalization.
Functional MRI paradigm

The fMRI paradigm followed a slow event related design and was an adaptation to ¢fS#eM
procedure used by Daselaar et al (2008). There were two major differ@inse, cues were dates rather than
words, as in HSAM dates are the most reliable cues for ABM retrieval (Parker et@)l, 3@@ond memory
events were compared with no memory events and all cues were pressmdgl. ‘No’ and ‘Yes’ dates were
presented in random order on a light-grey background and projgattte Nordic Neurolab visual presentation
device mounted over the scanner head coil. The experiment started withtiostr which were presented for
10 seconds, then stimuli (dates) were presented. After presentation of the dete BiBto 24 seconds to
produce his initial response to appearance of memory and thendnisl sesponse for elaboration.
Interstimulus interval was 4 s. BB was instructed to retrieve a merhargpecific event of his life that
occurred on that specific date as soon as the cue date appeared on screenaskedwagress the response
button on the Celeritas fiber optic response unit strapped to his wesgdisoon as the memory was clearly
retrieved (access time), but to keep thinking about that memory, as aatidigsnal information would come
to mind. He was asked to press the response button a second time (elaborajiszrihén he felt that €
memory was fully formed and complete. For those dates that did not eligitemngries at the time of scanning,
BB was instructed to respond by pressing the single response buttamoa as soon as he realized that no
memory was accessible. All response times were recorded. The content wiezacty was collected after
scanning took place. The same dates were presented in random ordee alsebas well as two months after

scanning, to assess consistency between the two sets of answspoirse to the same dates.

Structural Data Modelling

The comparison betwe@B’s maps of grey and white matter and those of the group of ten young
adults was carried out as a modified two-sample t test. Age and yeshgaaftion were added as covariates and
both contrasts (BB > controls; controls > BB) were tested. The analysethvesteolded at a set-level
uncorrected p < 0.05 (further reduced to 0.025 to correct for thberuof models: two models, gray and white
matter) and only clusters surviving cluster-level Family Wise Error (JFédiErected p < 0.05 were retained as

significant.

10



Brain activation in HSAM

Functional Data Modelling

A general linear model was designed for statistical inference of activation Yajgbility in the
BOLD signal within the five runs was modelled as a function of three eetatied variables, corresponding to
the timepoints when BB pressed the response button. The three evermtsdnekre as follows:
acknowledgment of a date devoid of autobiographical memory, acknowledghaetiai® associated with
memory access, and acknowledgment of a successful memory elabdgatats for which a memory access

had been acknowledged but no elaboration had been subsequently fieggetiscarded.

A synthetic haemodynamic response function (HRF) was used as the refereafmmwakroportional
scaling was applied to remove any within subject difference in blowd floage data were high-pass filtered
with a set of discrete cosine basis functions with a cut-off perio@®8&1Although head motion was less than 2
mm, movement parameters were, however, included as regressors in ysesaHalight threshold was set at p
< 0.05 FWE-corrected at a set level, to maximise the conservativeness ofahm®Additionally, a spatial
threshold was set at 5 contiguous voxels. The following linear contraststested: recall vs. non-memory,
elaboration vs. non memory, recall vs. elaboration, elaboration vs. rec#éifieaadnjunct effect of recall vs. non

memory and elaboration vs. non memory contrasts. The x, y, dicatas of significant areas obtained from the

analyses were first converted into Talairach coordinates using the Matlab funniiial rl(‘http://imaqinq.mrc-

cbu.cam.ac.uk/downloads/MNI2tal/mni2ta).amd then identified using the Talairach Daemon Client

(http://'www.talairach.org/

Results
Behavioral results
Autobiographical memory testSlear evidence of BB’s exceptional ability to remember personal events was
found in the tests which examined personal memories triggered by datemsBible to report at least one
detailed memory for 88.4% of the dates presented. The control group repoatertage of 0.8% memories
for the dates presented. In the few instances in which controls couldeetnegmory in response to dates,
retrieval time was 11.52 sec. In BB, consistency analysis showeti¢hsdne day of the week was reported on
92% of the dates across repetitions. Of all 657 units of content examitiedlil0 memories tested several

times, 618 (94%) received a consistency score of 3, 30 (5%) asd@end 9 (<1%) a score of 1.

11
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Additionally, the reality of factual elements reported in the autobiographialories elicited by the
dates (e.g. the names of shops and commercial venues, televisiomsragrhtheir contents, the weather on
that specific date) was assessed with multiple means. In BB accuracg%as 9

For the Birthday memory test, BB had no recall of the first twihidbérys, but was able to report
detailed memories for all the remaining birthdays. Memories for a sofisiethdays (5) was assessed a second
time, and accuracy was 100%. The control group remembered an ave2agybicthdays.

Phenomenological characteristics of the memories. Retrieval time in response to daty fieest
(1.8 sec in average). Only for a minority of dates, BB needednio fttr more than a few seconds. And only in
two cases he needed to spend more than 20 sec to come apmwdgthory. These latter instances resulted in
vague reports, with minimal or almost no details. But in most of these casesltafterwards swiftly report
complete events that happened on a day close to that date. For retrievatemjydracommented that they
‘popped-up’ as a date was mentioned, effortlessly, in a visual and very vivid form. Some details, mostlyalisu
were already present in the initial memory, and he stated he could ‘see’ more details by ‘zooming into the
memory’. Weather conditions, people and locations were present during dtkepsocess of ‘zooming in’
not only allowed him to ‘see’ more details for that day, but also to move forwards and backwards in time, and
‘see’ days nearby, which could be in turn also ‘zoomed-in’ to see their respective details. His reports evidence
the visual nature of his memories, and the presence of somatosiafigonation, whereas other senses (smell,
taste) seemed to be of lesser importance. A strong sense of recollectimpacied all the complete memories
reported. He was also able to state the exact day of the week for nearlga&eenyentioned, and he claimed
that the day of the week ‘came’ with the date. This, however, seemed more the result of a perfected practice (as
in some savants, e.g. De Marco, lavarone, Santoro, Carlomagng, &6 he was able to explain the pattern
of dateto-day correspondence across the years, and tell the day of théowdates that preceded his

exceptional memory as well as future dates.

Neuropsychological tests

Intelligence The resultof all neuropsychological tests are reported in TabEBIs IQ was above the norm, in
the top 90 percentile. He achieved top scores in object assembly, block design, picture conmpstio
(WAIS-11I performance), and in the Symbol Search task (scale@ d&®out of max 19). Performance was
above average (12/19) in Information and Letter-Number sequendiilg,itwas average for Picture

Arrangement (50 percentile) and low (25percentile) in the Digit Symbol task.
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Standardized memory tests. BB achieved top scores in the Figural Meslo(\WislS-R), in the Long Delay
Yes-No Recognition and the Long Delay Forced Recognition tasks of th@ [CMiis scores were within the
99" percentile on both immediate and delayed Visual Reproduction (WMS-R) arad werking memory

tasks (forward digit span, WMS-R). They were in the top 9€rcentile for the verbal backward digit span and
the visual forward span (WMS-R). Performance was above averaganlibéhCopy (36/36) of the REY figure
and in the Ry memory task (27/36) and in the Benton test (recognition of unkfiaees, 8®7™" percentile).
However, scores were only in the'78ercentile in the visual backward span (WMS-R), and in tfeand 66
percentile respectively on the WMSLogical Memory I and 11 tasks. Notably, BB’s performance was average
in most tasks of the CVLT-II, in which his recall scores were betwaeB@bo and 75% of the highest possible

score, with an average of 61.25% (see Table 1).

Executive tasks. Performance was very high in many executive(tapkscore in Mental Control, no errors in
the Trail Making and Stroop tasks). However, overall performance on the $skowas average. His score
on the Trail Making test fell within the $Qercentile, both for tests A and B, and scored slightly above average

in the D-KEFS tests. In general speed was very high in most tasks.

Linguistic abilities. The score on the WAIS-R comprehension test was ligni®d" percentile, and the scaled
score for the Vocabulary test was 16 (out of a maximum of 19). Hedsbagh in the D-KEFS Verbal Fluency

task (14/19 and 19/19), but average on the Boston Naming t&sp¢beentile).

fMRI Scanning

Behavioral results. BB reported a memory for forty three efifty dates for which three months earlier he had
been able to retrieve a memory (‘Yes’ dates). He also unexpectedly reported a memory for fifteen of the fifty

dates for which three months earlier he could not (‘No’ dates). The average time to retrieve a memory was
1816msec (s& 1305msec) for the “Yes’ dates, and 1952msec (sd = 1253msec) for the fifteen memories for
‘No’ dates. Time to respond ‘no’ (no memory) to a date was 298 1msec (sd = 3215msec) for ‘No’ dates, and
7633msec (sd = 1303msec) for ‘Yes’ dates for which no memory was retrieved. This latter difference can be

explained as due to searching unsuccessfully for the memory for dattédttfamiliar. The average time to
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obtain a complete memory (elaboration) was 11725msec (sd=3750orse®mories retrieved in response to
“Yes’ dates and 16196msec (sd = 3694msec) for memories elicited by ‘No’ dates.

The concordance between raters about the consistency in the content ofahesées was very high
(99%), overall. Out of 590 units, 570 (or 96.6%) received a scateXH# (or 2%) a score of 1 and 8 (1.4%) a
score of zero. Consistency was very high in both sets ofames. Four hundred and forty (or 98%) of the
“Yes’ dates (449) received a score of 2; 6 (1.3%) a score of 1 and 3 (<1%) a score of zero. Of ‘No’ dates (141),

134 (95%) received a score of 2, 4 (3%) a score of 1, and 3 (2%)eacf zero.

Functional activation data

fMRI events were determined by BB’s response times both for ‘Yes’ and ’No’ dates. Results are
reported separately for initial access and for elaboration, comparing mermmrynemory events. Access and
elaboration were also directly contrasted. T&Hists regions recruited during memory access and elaboration.
All major findings are illustrated in Figure 2A-C.

Memory access: Activation was observed primarily in the cerebellum, bilaterall|leasvin left
posterior visual association areas (mainly the precuneus and the c@ngniizant activation was also seen
bilaterally in associative occipital areas (BA 18 and 19), and ventrolateraimiedfareas (right: BA 45 and 47;
left: BA 11 and 46). Additional activation was observed in the left amygdala,nipoteparietal junction and
the posterior cingulate. Activation was also present in the left parahippocampushen a less stringent
significance threshold was used (p<.001 uncorrected).

Memory elaboration: Activation was observed primarily in the teoyparietal junction (areas 39 and
40) bilaterally, and prefrontal areas, also bilaterally (mainly BA 9, 104@Bnd 47). Activation was also
observed in visual areas (precuneus and occipital areas) bilaterally, as ingdmporal areas and the
cerebellum, again bilaterally. The left parahippocampus and amygdala were retrattiig phase.

Access vs elaboration. A direct comparison of access and elaboration reveaeginally greater
activation during access in left areas, and a greater engagement of ocisipithtegions, mainly the left
lingual gyrus and the right cuneus, plus bilaterally the precuneus Qef8P-70 37; right PC: 40 -76 39).
Greater activation in access than in elaboration was also observed in prefeagdBs areas 9 and 6)
bilaterally, as well as in the right posterior cingulate and in the cerebellum.

Elaboration vs access. Elaboration showed a bilateral pattern of activatioh aoger number of

areas, with greater recruitment primarily in temporal areas (B&n822), but also in parietal (including, but
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not limited to the precuneus, right PC: 4 -70 44; left PC: 0 -65ar@b)n a large number of prefrontal areas
(BA 4,6, 8, 9,10,11,46 and 47). Activation was also observétkianterior cingulate bilaterally, right insula,
right cingulate, right claustrum.

Conjunction analysis revealed that the areas in common to the a8egbf retrieval were located in
the left hemisphere, with the exception of the right middle temporal gythe occipital lobe (BA 19). They
included foremost the precuneus, as well as visual (BA 19), tam(Bk 38 and 39), frontal (BA 11, 46, 47)
regions, the cingulate gyrus and the cerebellum.

Anatomical Variables

All anatomical images of the MRI protocol were reviewed by a senior neurlmgidip who recognised no
abnormalities. BB had significantly larger grey-matter volumes in a largeclgfiito-temporal cluster which
extended to the posterior hippocampus (Figure 2D; TgbMdsignificant clusters were found for the opposite

contrast. No significant white-matter differences beween BB and the control saempléund.

Discussion

The behavioural data obtained in BB confirm that his is a clear case of H&iftvho form of
cognitive impairment and the ability to retrieve almost every day of higdiférg) from agell. His
performance on the various autobiographical memory tasks was ektrieigh, with a fast retrieval and high
levels of test-retest consistency in his personal memory reports (iwdicates that these were not made-up
confabulations). Personal memories were mainly reported as beirad. B8 reported to be able teee’ almost
automatically and effortlessly the events when presented with the cuadasy dnd to be able to visually zoom
into the scene, expandiitgback andorth in ‘time’, and scanningma ‘seeing’ clearly its visual details.
Interestingly, no sign of OCD or autism were observed, which sttmténdividuals with HSAM are not
necessarily affected by OCD traits as claimed elsewhere (e.g. Marcu, 088 recently, both LeRbet al
(2016) and Santangelo et al (2018) also reported significantly higher OCD scoresribl 8AM groups
compared to controlst is likely that an OCD tendency contributes towards using specific seat@ng.
keeping a diary, reading the diary) and compulsory relkavkich in turns helps remembering details and
have a better memory. However, the lack of OCD tendencies in BB indicatagtther OCD nor compulsory

rehearsal are essential factors in determining HSAM.

Differently from his performance for personal memories; Bierformance on other episodic memory

tests ranged from average, for verbal episodic memory, to above avarageé visual memory tasks result
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that is in agreement with recent data (LePort et al, 20159 showing that in HSAM, performance in non-
personal memory tasks is average. Although the screening pre@ethpted by the authors was somewhat
different from ours, both their HSAM participants and BB did not dsfdrstantially from the control group in

a various array of cognitive skills, while differing substantially in th&ifity to remember personal events.

Behavioral results while in the scanner

Access and retrievability of each memory was variable, as in most indisid/ariability might have
been triggered by the fast pace of presentation of the, gattesitially penalizing memories that were slower to
access. It might also be due to random and transient facilitated orddrat®ress to memories. These potential
explanations cannot be addressed with the current data.

It is interesting to note that the average response time for initial access to mewaariesy short
much shorter than in previous studies (e.g. Daselaar et al,. B®8)fast retrieval cannot be solely attributed
to the fact that the same dates (among many others) had been ale=smhyguiThe presentation interval was
three months and too many dates were presented to remember théveralhlgpBB’s average performance in
episodic memory task¥ery fastaccess times speak instead in favour of a facilitated access to personal
memories (to anticipate data not reported here from another five individitiald SAM who have been more
recently examined, the same very fast access to memory was faalhdfithem). Previous work had shown
that retrieval is faster for repeated (more semanticized) autobiographical mef@aridsidis Mclntosh,
Moscovitch, et al., 2004), while more specific autobiographical memaricharacterized by longer retrieval
times (e.g. Graham et al., 2003). While this difference suggests that #ieonormal population semanticized
autobiographical memories might represent the preferred level of access (seenalag &dleydell-Pearce,
2000), here it is important to remark that in BB fast-accessed merhaxiesall the qualities of unique, highly
specific events, and do not resemble semantic, repeated or scripted memories.

Retrieval time for memory elaboration was relatively long, in line with ptsviesults for memory
access (Daselaar et al, 2008), and diffebetween elaboration of ‘Yes’ (faster) and ‘No’ (slower) dates.
Parsimoniously one can explainghdifferenceby assuming that details of memories for ‘No’ dates were in
general less accessible, or based on weaker or less structured tradew, e®aths before BB was not able to
access these memories at all. The alternative explanation (they were just confabaiatidresruled out
considering the high content consistency acregssting sessions, which was not different‘/des’ and ‘No’

memories.

Functional activation
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There are five main findings. First, differently from prior studies erétrieval from autobiographical
memory, in BB there was extensive activation of visual areas alreaitg eoemory access. Second, while
access triggered left areas, elaboration was characterized by a more balanced bilatdrahaathereas
previous findings (e.g. Daselaar et al,2008) observed a predomirightlactivation. Third, self-reference
areas such as the MPREEg. D’ Argembeau et al, 2007) were not involved while areas more rarely found to be
activated during ABM retrieval were instead highly active. Fourth, the typitatiarto-posterior pattern of
activation observed in previous studies on autobiographical retrieval (ConeggelRPearce, & Whitecross,
2001;Conway, Pleydell-Pearce, Whitecross, & Sharpe, 2003) was misgthga more balanced involvement
of both anterior and posterior regions. Fifth, overall retrieval, apditicular during elaboration, involved most
of the areas of the autobiographical network already observed inyseenews (e.g. McGuire, 2001;
Svoboda et al, 2006).

Access

During accesdoth in the access vs no memory contrast and the contrast betweeraadcess
elaborationthe major difference between BB’s data and previous results (e.g. Svoboda et al, 2006; Daselaar et
al 2008) is in the strong activation of the precuneus, that haspbegously linked to visual imagery and to the
retrieval of true memories in normal individuals (e.g. Addis, Mcimtdoscovitch, et ak004). Activation was
bilateral, although predominantly lefthe precuneus is a tertiary area in the Svoboda et al (2006) meta-analysis,

but one of the most active in BB.

Functional imaging studies have involved the precuneus in a daseseof highly integrated
functions (Cavanna & Trimble, 2006), including visual memory (Ritet al, 1996: Gardini et al, 2005;
Gardini et al, 2006, see also the role in correct recognition of presented itgggs,1895). More recently it has
been linked to recollective processes (being able liveethe event) in episodic recognition (Dobbins &
Wagner, 2005Henson, et al. 1999; Wheeler & Buckner, 200dnormal individuals, the left (and to a lesser
extent right) precuneus is also associated with the specificity of persarahétion retrieved (Addis,
Moscovitch et al., 2004-1; Addis, Mcintosh, Moscovitch et al. 2004). eSwame also shown the involvement
of this brain area in self-processing operations (first-pers@peetive taking and experience of agency,
Cavanna & Trimble, 2006), and in the complex network of neuratledes of self-consciousness (e.g., self-
related mental representations during rest), which are part of the retrieval afgbensmnoriesBoth visual and

self-referential roles might contribute to explain the unusual strong, preaioinactivation of the precuneus

17



Brain activation in HSAM

during access in BB. Other visual associative areas were also highly acihgabcess, which have been
considered secondary areas in the ABM netwarpporting the strong visual component of BB’s personal

memories.

Other areas active during access are part of the core areas in the autobiogragrhaai network
(cerebellum, retrosplenial/posterior cingulate, temporo-parietal junc8ecpndary areas included, in addition
to the occipital lobe, DLPFC, orbital FC, cingulate gyrus and temporal pokddition to the left precuneus,
during access activation was observed in the left VLPFC, which is invaobteshly in memory search and
controlled retrieval (Badre et al, 2005; Badre & Wagner, 2007), but, mpartantly for our results, reflects
the contribution of semantic information to autobiographical memory (C&b8&taaques, 2007).

Overall during access there is a strong left activation. Although contradictgihiogl
neuropsychology data (e.g. Kopelman & Kapur 2001) which tendgliciae right frontal areas, this strong left
activation is not uncommon in studies of retrieval from autobiographical mgi@onwvay et al., 1999; Maguire
and Mummery, 1999; Maguire et al., 2000, 2001; Maguire and Frith, 200BgRieél., 2003). It has been
variously explained as being due to paradigms which rely on verbal aliesrual recall when testing ABM
(Svoboda et al, 2006), to the retrieval of memories already retrievedydbefdte scanning (Daselaar et al,
2008), or to a quick, intuitive, preconscious (Moscovitch & Winoc2002) post-retrieval monitoring, a
‘feeling of rightness’ referring to the veridicity and cohesiveness of retrieved memories in relation to an
activated self-schema (Gilboa, 2004). Given the procedure, invohléngrésentation of dates and the large (3

month) interval between trial repetition, only the monitoring hypothregjbt apply for our results.

The predominant left lateralization observed in this case might however leatifterent

interpretation when consideratlconjunction with BB’s very fast retrieval times, the very high consistency
across repetitions and the strong involvement of visual areas alre@uly accessThe left VPFC indicates the
contribution of semantic memory in ABM. Fast access typically indicatestdaitrieval (e.g. Uzer & Brown,
2012), which does not involve top-down hierarchical reconstructive megel$ has also been interpreted as an
initial ‘check’ of semanticized, factual LTM, in an otherwise slower retrieval (e.g. Conway, Pleydell-Pearce,
Whitecross, & Sharpe, 2002). The early activation of visual areastbleostrongly visual nature of personal
memories in BB. Considered together, the results on access (@esmory as well as vs elaboration) might then
suggest that in BB personal experiences are retrieved as factual, readilipbdesswledge (similar to math

facts, 2x2=4), rather than genuine episodic memories which typarallthe outcome of a longer reconstructive
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processes (Conway & Pleydell-Pearce, 2000). If so, this paitteesults can indicate an idiosyncratic
semanticized or fact-like representation of personal memories. Thilris imith the hypothesis proposed by
LePort et al (2016) for HSAM memory superiority. The authors commiatdls of memory reports about
personal events in HSAM and controls at different time intervals. No differemeéownd in immediate recall,
while difference increased over time, suggesting that superior memgiy be attributed to a rather unique
consolidation process. Our results not only are in agreement withygoghlesis, they might also complement it
by providing some initial evidence suggesting that the difference in coasoficcould be attributed to a
progressive strongly visual ‘factualization’ (e.g. as math facts are in some individuals) of personal memories. In
terms of retrieval processes, turning personal memories into facts facilitiitestaaccess to the representation,
avoiding the reconstructive processes typical of retrieval of personal menmotiie normal populatiofsee for

example the hierarchical model proposed by Conway & Pleydell-Peafi®), 20

Interestingly, and differently from Daselaar et al (2008), and Santaegealp(2018), we found no
hippocampal activation during access. It is well established that the hippacammolved in episodic
memory consolidation and retrieval (e.g. Addis, Moscovitch et al, 2@8d)this result might seem at first
surprising.However, it should be noted that in both Daselaar et al (2008)-normal individuradsSantangelo et
al (2018) -HSAM-, the task was to report memories in response to truly episeent-related, cues. For
example, Santangelo et al (2018) cuednthmories with requests like ‘The first time youlrove a car’ and ‘The
last time you took a din’. These cues contain already parts of the episode and might require a retrieval process
which is different from the one activated by dates, which were used withliBBocampal activation in
Santangelo etl’s (2018) HSAM might be due to the nature of the retrieval, which is intexitaord most likely
generative and effortfulQonway & Loveday, 2010 accessing specific episodes, whose content is already
suggested in the cues. In the case of BB, instead, no episodic aeasemtovided, and while certainly
intentional, retrieval was subjectively perceived as direct and effortless whessfutda addition, our cues
were dates. To our knowledge ours is the first study using dates aammidégither studies should examine if
dates might trigger different retrieval processes that bypass the hippocampus.

While the role of the hippocampus in retrieving episodic memories from wnkeeels to be further
examined, the lack of hippocampal activation observed in BB couldsupp interpretation proposed above
for the other results (retrieval speed, consistent left frontal activation, activatisual areas during access),
which all potentially point to the special nature of the representation of tleserias assomewhat ‘pre-

packaged’, factual, visual, and apparently retrieved differently from other episodic memories isetine
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individual. We would like to remind that BB performance in other episodic memagks was average. It would

be interesting to examine hippocampal activation in very fast direct retrieval also HS#dM individuals.

Elaboration

Differently from access, during elaboratjavhen contrasted with no memory, almost all areas of the
core network were recruited, and, differently from the results indhmal population, in BB activation was
mostly bilateral Core network areas were active as well as secondary and tertiary aregSviolibda et al,
(2006) review. We should note that the precuneus was active alsg diafroration. The Elaboration vs Access
contrast confirms engagement of MTL, prefrontal areas and, bilaterally, tdr@aningulate cortex. In sum,
elaboration engaged all areas found in the 24 studies reviewed bydavetbal (2006), with the exception of
the anterior cingulate, brain stem and basal ganglia.

The bilateral activation observed in BB during elaboration has never been olsefvedin ABM
retrieval BB’s activation does not show any clear leftto-right shift over the course of retrieval (between access
and elaboration), as left areas remain consistently activated during the whelke @ogmembering while
previous electrophysiological studies indicate a shift from left to right héxeigpengagement over the course
of remembering (Conway, Pleydell-Pearce, &Whitecross, 200hway, Pleydell-Pearce, Whitecross, &
Sharpe, 2003). Differences from previous findings were also observed in the timeline of activation in BB’s
data. Previous work using electrophysiological data suggests that retriev#iBidrseems to follow a general
anteriorto-posterior trend, showing that during retrieval and maintenana8Bgis a shift occurs in cortical
potentials from predominantly left frontal regions to posterior temporabecigital regions (Conway et al.
2001, 2003). The frontab-posterior trend has also been confirmed in fMRI by Daselaar et al (2a08),
engagement in right PFC regions during initial access of ABMs, followetttyation in the visual cortex and
the precuneus during elaboration. The pattern observed in BB was insteatitakropposite. Although, as in
previous studies, during initial access to personal events some freatalveere also recruited (mainly left (5)
but also right (3)), activation of posterior areas was predominant, reirgdret observation about the role of
visual access to memories in HSAM. Conversely, elaboration engaged pastdramterior areas, bilaterally
in equal manner.

During this phase, brain areas involved in self-referential processes weeagégped (medial PEC
D’Argembeau et al, 2007), suggesting that elements connected to theltelf@ore episodic elements might

become more active when elaborating the material provided by the initial access.
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Structural data revealing larger grey-matter volume in a left posterior clusteoafson the major

role of visual areas in BB.

Overall, the results on access and elaboration, when compared to noynsrggest that in BB
retrieval from Autobiographical memory might be organized in terms of aeffagtive interplay between
initial highly accessible factual and visual autobiographical representations,ddllmythe retrieval of
additional details of the event that can be more episodic and self-referensalri@. ICuriously this picture
corresponds rather closely to the subjective self-report of BB about hialrpeocesses during retrieval, when
he describes how hearing a date would immediately and effortlessly repietlra that contained some initial
basic elements and events of the day. This would be followedelpotsibility of zooming in (still in a visual
modality),and ‘see’ the day with its more specific elements (activities, locations, objects, people, conversation)

that are displayed almost as if in a movie.

Conclusions

The results of the functional brain imaging procedure in BB reveaVarall pattern that seems to be rather
specific to this case, but might also be common to other individudiH&AM. It is almost the opposite of that
observed in individuals who don’t possess an exceptional personal memory. A larger grey matter in posterior
areas, as well as a predominantly posterior activation already during aeicdgrce the observation about the
highly predominant role of visual areas during the retrieval obpatsmemories. During elaboration both
hemispheres are simultaneously involved, both anteriorly and polsterémealing a somewhat balanced
bilateral activation. Finally, the remarkable speed of access to the meiffesethan 2 sec on average)
suggests that access to personal memories, in response to dates, maktpidetis on direct retrieval, which is
facilitated by the visual component. There is a substantial overlap betwéenaress activated during retrieval
of personal information in response to dates and areas which are tharcofe autobiographical memory
network. Responding to dates, however, ss@nshow a more efficient, and somewhat different, processing of
information This conclusion is in line with the interpretation of relatively recent stralctiata (Le Port et al,
2012) documenting structural differences in a sample of indivsduith HSAM compared to a control group,
differences which pertain to many of the core network areas, leadiagttias to suggest a more efficient use
in HSAM of the same autobiographical memory ‘hardware’. We would add that left-posterior areas in BB have

more grey matter.
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While it is tempting to consider the pattern ofibractivation observed in BB as predictor of HSAM
remains necessary to consider these results with caution. Typicallyistseiestantialariability across normal
subjects in terms of the regions activated and the strength of activating dutobiographical memory
retrieval. To date, the extent of such variability remains rather unknowmerasis no data set using the same
task to provide standardized activation scores. This implies that the obpatierd and its deviation from other
group level findings cannot per se fully explain the mechanisrenyidg HSAM. Nonetheless, the descriptive
results of retrieval and brain activation pattern obtained in BB, as well as teeésiing correspondence with
his subjective repoxn his retrieval experience, can provide additional information that can spauiksight

into the processes involved in highly superior autobiographical nyemor
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TABLES

Table 1. Main neuropsychological tests results. Standardized scores represent percentiles

Table 2 List of brain regions activated during access and elaboration

Table 3. Significant volumetric differences of gray matter between BExgndup of 10 young males of

comparable age and educational attainment.

FIGURES

Figure 1

Flow chart illustrating the procedure

Figure 2

Graphic depiction of the main findings of the study. A) Pattern ofatativ associated with date-related recall.
Whenever BB recognised that a date was specifically associated with a menigagipaovas seen in a set of
regions including, as depicted by these slices, the precuneus, ventromedialtalretrrtex, amygdala and
various occipital areas. Slice in the Montreal Neurological Institute (MNI) spaees éoows: x = -19, y = -9,

z =0, x = -3. B) Pattern of activation associated with elaboration of nesn&hen specific recalled memories
were then further processed in terms of content, extensive activation was saporal, parietal, prefrontal
and occipital regions, without any significant contribution offered by madjmteal regions. Slice in the MNI
space are as follows: x =-52, y = -9, z = 6, x = -3. C) Conjunctialysis showing the spatial intersection
between recall and elaboration in the precuneus and in the temporo-occigital/tdrilaterally. MNI slices are
as follows: z = 9, x = 3. D) Regions in which BB had more volume tii@igroup of normal young male
controls. These are only grey matter, and were found in the left occipitedrapdral lobe, extending to the
posterior part of the hippocampus. MNI slices are as follows: x = -32, zAllifhages are in neurological
visualization. All results are expressed as z scores (color coding proportitiiakine of z scores is shown on

the right hand-side of each map).
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Table 1. Cognitive and neuropsychological assessment. Comparison with controls was |
only for non-standardized tests.

Tasks BB Controls sig.
Autobiographical Memory
Dates % 88.4 0.03 p<.001
Retrieval time (sec) 1.8 11.52 p<.001
Birthdays 9 2.06 p<.001
Memory
Verbatim memory text 12* 3.71 p<.001
Rey figure copy 29 35.22 n.s.
Rey figure memory 23% 1213 p<.001
Paired associates visual 30* 18.41 p<.01
Recognition scrambled dates 5 0
Memory date-event 3 1 n.s.
Episodic memory correct 27 26 n.s.
Face recognition (RTM) 0.83 0.77 n.s.
Attention
Stop-Signal 269.4* 339 p<.01
Negative priming 6.3* 29.9 P<.01
Stroop errors 0 0 n.s.
Stroop time 15.39 10.02 n.s.
Other tasks Standardized

scores
Verbal fluency Letters 17 NA
Verbal fluency Category 28 NA
WRAT spelling 87 NA
WRAT arithmetic 75 NA
WAIS arithmetic 84 NA
WAIS comprehension 50 NA
WAIS picture arrangement 100 NA
WAIS object assembly 100 NA
WAIS picture completion 99 NA
WAIS digit symbol 25 NA
WAIS Il symbol search 19 scaled score NA
WAIS Il vocabulary 15 scaled score NA
Edinburgh handedness R:17 L:3 NA
WMS-Logical 70 NA
WMS-Visual reproduction 99 NA
CVLTII Free recall repeated 62 NA
CVLTII Free recall immediate 65 NA
CVLTII Free recall short del 75 NA
CVLTII Cued recall short del 50 NA
CVLTII Free recall long del 65 NA
CVLTII Cued recall long del 50 NA
CVLTII Recog long del 100 NA
CVLTII Forced recog long del 100 NA
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Table 2A. Significant differences in activation comparisons in Access vs. No Memory (top) and Elaboration vs. No Memory (bottom). The
areas with the highest differences in activation (z score >5.5) are reported. Analyses were computed an all significant areas.

Access vs. No Memory

Cluster  Cluster-  Cluster Local Talai‘rach
Number level Extent Region yAa BA Side Coordinates
pFWE (voxels) Score X y z
1 <0.001 120 Cerebellum — Culmen 7.2l L -8 -54 -1
Cerebellum — Culmen 5.88 E -8 -43 -5
2 <0.001 70 Middle Frontal Gyrus 6.71 1. L -32 34 -19
3 <0.001 54 Cerebellum — Tuber 6.63 L -42 -69 -23
4 <0.001 109 Precuneus 6.51 7 L -2 =56 53
Superior Parietal Lobule 5.94 7 iE -8 -67 55
Precuneus 5.07 7 L -10 -75 53
5 <0.001 85 Lingual Gyrus 6.31 18 L -20 -56 3
6 <0.001 106 Precuneus 6.31 19 L -34 -78 33
Precuneus 5.67 19 L -30 -82 39
Elaboration vs. No Memory
Cluster Cluster-  Cluster } Local . Talai.rach
Nuinkicr level Extent Region Z- BA Side Coordinates
pFWE (voxels) Score X v z
1 <0.001 1866 ~ Middle Temporal Gyrus Inf. 39 L -48 -75 9
Middle Temporal Gyrus Int. 3@ L -36 -55 23
Inferior Parietal Lobule Inf. 40 L -44 -54 56
2 <0.001 1087 Superior Temporal Gyrus Inf. 22 L =51 13 -6
Inferior Frontal Gyrus Int. 47 L -48 40 -7
Superior Frontal Gyrus 7.38 10 L -34 57 12
10 <0.001 72 Cerebellum - Culmen 6.35 E -8 -54 -1
Lingual Gyrus ST 18 L -18 -54 5
11 <0.001 125 Inferior Frontal Gyrus 6.33 9 R 53 13 27
12 <0.001 33 Superior Occipital Gyrus 6.13 19 R 40 -82 24
13 <0.001 17 Middle Frontal Gyrus 602 46 L -50 28 23
14 <0.001 20 Middle Frontal Gyrus 598 46 R 53 34 24
15 <0.001 23 Precunecus 5.74 9% L -28 -72 33
16 0.001 10 Middle Frontal Gyrus 5.58 9 I; -32 43 35
17 <0.001 16 Angular Gyrus 5.52 39 R 46 -70 29
18 0.003 7 Superior Parietal Lobule 5.45 7 R 36 -63 51
19 0.004 6 Middle Frontal Gyrus 5.03 6 R 32 15 60
Elaboration vs. Access
Cluster Cluster-  Cluster . Local ) Talai.rach
Number leve_l Extent Region Z- BA Side Coordinates
PFWE  (voxels) i X . ¥ . 3
1 <0.001 704 Superior Temporal Gyrus Inf. 39 R 57 -61 25
Superior Temporal Gyrus 7.16 39 R 46 -53 25
Inferior Parietal Lobule 706 40 R 48 -58 47
2 <0.001 341 Precuneus Inf. < R 4 -70 44
Precuneus 6.78 31 & =2 -65 25
Posterior Cingulate Gyrus 6.09 31 i -6 -55 23
3 <0.001 450 Angular Gyrus 7.63 3% L -42 -58 38
Middle Temporal Gyrus 679 39 L -46 -61 29
Angular Gyrus 5.24 3% L -53 -64 31
4 <0.001 804 Precentral Gyrus 7.49 6 R 51 -4 8
Transverse Temporal Gyrus 7.30 42 R 63 -7 11
Precentral Gyrus 7.26 4 R 40 -16 34
5 <0.001 288 Posteentral Gyrus 7.33 43 L -57 -11 19
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4 0.001 10 Middle Frontal Gyrus 5.60 47 L -44 31 -2
5 0.001 13 Superior Occipital Gyrus S5T I & -36 -78 32
6 0.001 11 Middle Frontal Gyrus 556 46 L -42 40 24
7 0.002 9 Superior Frontal Gyrus 551 11 L -32 54 -16
8 <0.001 46 Superior Temporal Gyrus 5.44 38 (%L -51 11 -9
9 0.004 6 Middle Cingulate Gyrus 5.42 32 % -6 32 26
10 0.004 6 Cerebellum - Tuber 5.38 I -42 -71 -25
11 0.002 8 Superior Parietal Lobule 5.37 7 L -8 -65 60
12 0.003 7 Cuneus 5.19 190 'L -10 -78 35
Volumetric gray-matter differences
Cluster Cluster-level Cluster Extent Regio Local BA Side Talairach Coordinates
Number pFWE (voxels) Z-Score X v z
1 0.026 1396 Lingual Gyrus 3.88 18 L -14 -73 7
Middle Temporal Gyrus 38 19 L -32 -48 8
Cuneus 386 17 L -18 =77 15
Insula 3:55 I3 LL -40 =22 -4
Posterior Cingulate 346 30 L -30 -63 12
Posterior Cingulate 346 30 L =22 -48 13
Caudate Tail 3.30 L -38 -31 -5
Middle Temporal Gyrus 3.11 19 L -32 -60 10
Superior Temporal Gyrus 28 22 L -46 -10 -6
Putamen 2:79 L -32 <23 1
Superior Temporal Gyrus 271 22 L -59 =27 5
Posterior Cingulate 265 29 L -12 -48 12
Posterior Cingulate 257 30 L -20 -62 5
Fusiform Gyrus 249 20 L -44 -7 -20
Lingual Gyrus 2.48 17 L -16 -86 -1
Middle Temporal Gyrus 231 21 L -46 -3 -15
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Initial Screening

(Hull Memory
screening
questionnaire)

Follow-up 1 Follow-up 2
a -
20 dates phone * 20 dates phone
interview interview
100 dates 100 dates 100 dates
re-testing re-testing < __| re-testing = ——
via phone via phone via phone

Vis-a-vis cognitive /
neuropsychological
testing 1

l

Vis-a-vis cognitive /
neuropsychological
testing 2

Pre-scanner
dates testing
via phone 1
(288 dates)

Pre-scanner
dates testing
via phone 2
(100 dates)

Pre-scanner
dates testing
via phone 3
(100 dates)

dates testing
—»

Pre-scanner

via phone 4
(100 dates)

(50 YES

Post-scanner
dates testing
via phone 1

+50

NO dates)

Post-scanner
dates testing
via phone 1
(50 YES + 50
NO dates)
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