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Abstract

Patients with chronic mesial temporal lobe epilepaye difficulties at identifying
familiar faces as well as at explicit old/new faeeognition tasks. However, the extent to
which these difficulties can be attributed to visumalividuation of faces, independently of
general explicit learning and semantic memory pees, is unknown. We tested @2sial
temporal lobe epilepsyatientsdivided into two groups according to the side afegysy (left
and right)and 42 matched controls on an extensive seriesdofiduation tasks of unfamiliar
faces and control visual stimuli, as well as orefaetection, famous face recognition and
naming, and face and non-face learning. Ovetalth patient groupdad difficulties at
identifying and naming famous faces, and at expfidearning face and non-face images.
However, there was ngroupdifference in accuracy between patients and cantabthe two
most widely used neuropsychological tests assesssugl individuation of unfamiliar faces
(Benton Facial Recognition Test and Cambridge Rdeenory Test) While patients with
right mesial temporal lobe epilepsy were slowed matvall tasks, this effect was not specific
to faces or even high-level stimuli. Importantlygtih groups showed the same profile of
response as typical participants across varionsuits manipulations, showing no evidence
of qualitative processing impairments. Overall stheesults point to largely preserved visual
face individuation processes in patients with mesm@poral lobe epilepsy, with semantic and
episodic memory difficulties being consistent witte localization of the neural structures
(anterior temporal cortex and hippocampus) involuedheir epilepsy. These observations
have implications for predictive neuropsychologicaitcomes in the case of surgery, and
support the validity of intracranial EEG recordingformed in this population to understand
neural mechanisms of human face individuation, bigtathroughout intracranial

electrophysiological recordings and stimulations.
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BFRT-c: Benton facial recognition test computerized
CFMT: Cambridge Face Memory Test

IEEG: intracranial electroencephalography
fMRI: functional magnetic resonance imaging
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HR: head rotation

LD: lighting direction

MTLE: mesial temporal lobe epilepsy

NAI: name access index

NC: normal controls

RT: response times

SEEG: stereotactic electroencephalography
VOTC: ventral occipito-temporal cortex

WAIS: Wechsler Adult Intelligence Scale
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1. Introduction

Face identity recognition is critical for socialteractions in the human species and
constitutes one of the most impressive functionhefadult human brain. Unfortunately, face
identity recognition is also frequently affected anvariety of neurological conditions, e.g.
following acquired brain damage (Benton and VaneAll 1972; Valentineet al, 2006;
Barton, 2008), surgery for temporal glioma (Papagbaal, 2017), Alzheimer's disease
(Tippettet al, 2003; Pakt al, 2019), fronto-temporal semantic dementia (Lwetzal, 2017;

Pozueteet al, 2019), or temporal lobe epilepsy (Seidenkedrgl, 2002; Draneet al, 2013).

Recognizing the identity of familiar people based their faces requires first and
foremost to decode the idiosyncratic visual feauwtthese faces (i.e., face individuation).
Efficient face individuation is often required where first encounter people or when they
have not yet been encoded in long-term memorywiteen they are unfamiliar. Since most
human societies are characterized by the presdnugnterous individuals and a tendency to
change the number of individuals over time, visadividuation ofunfamiliar faces occurs

frequently and is key to our social interactionsg&ion, 2018).

In neurotypical individualsthe neural basis of visual face individuation een
primarily investigated with functional MRI (fMRI)In particular, fMRI-adaptation studies
have found face individuation effects in pre-defiface-selective regions of the posterior
ventral occipito-temporal cortex (VOTC) such as itiferior occipital gyrus (“Occipital Face
Area”, OFA) and the middle fusiform gyrus (“FusifiorFace Area”, FFA) (Gauthiest al,
2000; Schiltzet al, 2006; Davies-Thompsoet al, 2009; Ewbanket al, 2013; Foxet al,
2013; Hermanrt al, 2017; Hughest al, 2019; Rostalsket al, 2019). These studies usually
use pictures of unfamiliar faces in order to rulé the automatic involvement of affective and

semantic memory processes, as well as name rétriev@ntrast, the processing of familiar
4
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(i.,e. famous and personally familiar) faces hasnbeensistently shown to involve more
anterior regions of the VOTC, such as the antaiad medial temporal regions (Sergent
al., 1992; Gorno-Tempiret al, 1998; Leveronet al, 2000; Gorno-Tempini and Price, 2001;
Elfgrenet al, 2006; Gobbini and Haxby, 2007; Natu and O'To@l@l1; Sugiurat al, 2011;
Von Der Heideet al, 2013; Duchaine and Yovel, 2015; Rameinal, 2015, Riceet al,
2018&), in line with episodic, semantic and emotionahtemts evoked by familiar faces

(Brambatiet al, 2010; Sugiurat al, 2011; Ross and Olson, 2012).

Mesial temporal lobe epilepsy (MTLE) is the mogtiguent focal epilepsy referred for
epilepsy surgery (Schuele and Luders, 2008; SperadiHuh, 2008; Tatum, 2012; see also
Ladinoet al, 2014). Intracranial electroencephalographic (ilEE€&ordings have shown that
MTLE frequently affects the temporal pole, the anglq, the head and body of the
hippocampus, the rhinal cortex, and the ventrakramt temporal cortex (including the
anterior parts of the fusiform and inferior tempogyri) (Maillard et al, 2004). These
structures are typically involved in anterior temgddobectomy, one of the most frequent
surgical procedure in refractory MTLE (Brots al, 2019). Several studies have shown that
patients with MTLE are impaired at recognizing fhami faces (Seidenbergt al, 2002;
Viskontaset al, 2002; Glosseet al, 2003; Griffithet al, 2006). More precisely, left-sided
MTLE has been more consistently related to diffiesl athamingfamous faces, while right-
sided MTLE has been frequently linked to difficaeftiatfamiliarity judgment or providing
semantianformation about a face (Gainotti, 2007; Draxel, 2008, 2013). A similar pattern
of famous face identification difficulties has albeen found in MTLE patients following
ATL resection (Glosseet al, 2003; Draneet al, 2008, 2013; Lambon Ralpét al, 2012,

Riceet al, 201&). Additionally, these patients exhibit difficulieat explicitly encoding and
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subsequently recognizing pictures of unfamiliareacregardless of the epileptogenic focus

side (Milner, 1968; Chiaravalloti and Glosser, 2004

The extent to which famous face recognition difie@s in MTLE can be attributed to
the process of visual individuation of faces, inglegently of general explicit learning and
semantic memory processes, remains unknown. dlagifthis issue is important both for
clinical and fundamental research. From a clingtahdpoint, a comprehensive view of the
neuropsychological performance of epileptic patenéfore epilepsy surgery is critical to
predict the neurocognitive outcome after surgemtté? et al, 2009; Shermaet al, 2011;
Helmstaedter, 2013). Indeed, post-operative cognitbutcome depends, among other
variableson the relationship between the location of théeppogenic zone (i.e., the region to
be resected to cure the patient) and the pre-openmaturopsychological profile. According to
the model of functional adequacy, the postoperatadine is expected to be high when there
is an adequacy between the brain region plannebetoesected and high pre-operative
performance on the cognitive functions supported this region (Chelune, 1995;
Helmstaedter, 2004)At the level of fundamental research, there aasing evidence for
limitations of animal models, in particular the raguoe brain, to understand the neural
mechanisms of human face (identity) recognitionsgan and Taubert, 2019; Griffin, 2020).
In this context, IEEG recordings of face processmfgguman epileptic patients may become
increasingly informative (e.g. Allisoet al, 1999; Davidescet al, 2014; Jonast al, 2016;
see Rossioret al, 2018 for review). Therefore, a comprehensive v@wace recognition
performance in these patients is needed to valiti@teesults obtained with IEEG recordings.
This issue of potential deficits in visual indivation of faces in MTLE patients remains
unsolved, mainly because very few studies havesasdeface individuation with unfamiliar

faces in these patients (Hermaginal, 1997; Seidenbergt al, 1998; Glosseet al, 2003;
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Chiaravalloti and Glosser, 2004; Griffigst al, 2006), and these studies have used only a
single test (most often the Benton Facial Recogmiffest, BFRT, Benton and Van Allen,
1968). While these studies found that both left agtit MTLE patients performed in the
normal range at this test, with sometimes a treowlatds higher scores for left MTLE
patients, they never recorded response times (RThia task, an important variable to

consider in individual face matching tasks (Delveanal, 2004; Rossion and Michel, 2018).

In the present study, we went well beyond the siitbe art by testing 42 MTLE
patients and their matched controls on a serigadividuation tasks with unfamiliar faces
and control visual stimuli and by reporting botlc@@acy and response times. The entire
cohort of participants was also tested with a fdegection task, face and non-face explicit
learning tasks, and a famous face recognition aachimg task, in order to provide a

comprehensive overview of their face recognitiorfgrenance.

2. Materialsand Methods

2.1. Participants
Forty-three consecutive pre-surgical patients witkfractory MTLE were
prospectively enrolled between 2013 and 2017 atUhweersity Hospital of Nancy. The
inclusion criteria were: (1) age above 18 year$;|éft or right MTLE as assessed by non-
invasive examinations (structural MRI, EEG-vided:TR SPECT) for all patients and
stereotactic-EEG (SEEG) for 24 out of 42 patiemthgh non-invasive examinations were
inconclusive with regard to the location of thelepiogenic focus); (3) normal basic visual

functions (as measured by the VOSP, i.e. Visuat@@gnd Space Perception battery).

Among the 43 patients screened, one patient wasdatluded because of insufficient

data about the location of the epileptic focus. réfae, 42 patients were included in the
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subsequent analyses (21 males, 21 females; meaB7a@fe + 11.68). Thirty-nine patients
were right-handed (93%) and three patients werehbrided (7%) as measured by the
Edinburgh Handedness Inventory (Oldfield, 1971). Alt 2 (left) MTLE patients had their
intellectual efficiency assessed through the WAISeR WAIS-IV (Wechsler Adult
Intelligence Scale) and showed a normal 1Q (> Al).patients gave written informed
consent and the study (ATENA-F, trial N°2013-A0054% ClinicalTrials.gov identifier

NCT02888925) was approved by the local ethical cateen(CPP Est Ill, 13.05.02).

Two groups of patients were distinguished accordimgthe lateralization of the
epileptogenic focus: a left MTLE group (17 patierfigemales; mean age 36.41 + 12.49) and
a right MTLE group (25 patients, 12 females; mege 87.48 + 11.34). The side of the
epileptogenic focus was assessed by non-invasiamieations (structural MRI, EEG-video,
PET, SPECT) and, when available, SEEG recordinggl22patients). The two patient groups
were not statistically different on gender, agealusion, handedness, educational level, age
at epilepsy onset, duration of epilepsy, numbeardfepileptic drugs, structural status of the
hippocampus (presence or not of a hippocampalasigror total IQ Table 1). However, left
MTLE patients were significantly faster in procesgspeed (as measured by Gading test

from the WAIS) than right MTLE patient3 éble 1).

- Left MTLE Right MTLE - .
Characteristics (n=17) (n=25) Statistical comparisons

% Male 8 13 4=0.099, p=.753
0] Female 9 12 Veramer= 0.049

Age at inclusion 36.41+12.49| 37.48+11.34 t=-do.28_8, p=.775
Coher— 0.135

: ¥=0.920, p=.338
Handedness (left/right) 2/15 1/24 Ve = 0.148

§ z % < 12 academic years 7 13 4=2.293, p=.318
T < J12.14 academic years 3 7 Veramer 0.234
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> 14 academic years 7 5

Ageat epilepsy onset | 19.88 +16.65| 14.56 + 9.95 U;181_’ p=.419
Coher— 0.251

Duration of epilepsy 1653+128 | 229241394  UTTON DRSS
Coher— VY.

Number of anti-epileptic U=185.5, p=.440

2.18+1.13 2.28+£0.89

drugs deoner= 0.215
Presence of hippocampal x=0.475, p=.491
sclerosis (yes/no) 7110 13/12 Vcramer 0.106
U=126, p=.085
Total 1Q 100.13+17.87 90.28 +11.39 deura= 0.565
Processing speed (per centile U=117, p=.047

Coding tes) 482+32.1 | 27.4+23.17 iy

Table 1. Demographic and clinical characteristics of MTLE patients. Values are shown as
mean+ standard deviatior as the number of patients per category. Indeg@nttests,
Mann-Whitney U and chi-square’s results are sho®tatistical comparisons in bold are
significant at p < .05.

Patients were matched individually to normal cast{dlC) on age range (x 5 years),
gender, handedness and level of education (< 1% 12 or > 14 academic years). Of these
42 NC, 37 were included in the present protocol ENA-F, N° 2013-A00515-40) and 5
were controls from a previous single-casedy(Jonaset al, 2018) who were tested with the
exact same tasks as in the present study. We tudadtitwo NC groups: the left NC group
matched to left MTLE patients (17 controls, 9 feesalmean age 35.88 + 12.44) and the right
NC group matched to right MTLE patients (25 corgrdl2 females; mean age 37.12 + 11.92).
None of the control participants had a history efirological or psychiatric disease, drug or
alcohol abuse, nor did they have cognitive compdaiAll participants gave a written consent

before their inclusion and received financial congaion for their participation in the study.

2.2.Neuropsychological tests
2.2.1. General procedure
Participants were assessed with a set of severvibedlaexperiments. The order of
administration was the same for each participdnthie electronic version of trBenton Face

Recognition Test-computerized (BFRT-c); (2) Old/N&age recognition task; (3) Old/New

9



190 recognition task witlbirds (4) Face and car delayed matching task with ipand inverted
191 orientations; (5) Mooney face detection test; (&neus face identification test (CELEB); and

192 (7) Cambridge Face Memory Test (CFMT). Testingddgor approximately two hours.

193 The behavioral tasks were created and tested Esimigme 1.1, except for the CFMT
194 test, running in Java, and the CELEB task runningthwits own software

195 (https://www.ipsp.ucl.ac.be/recherche/projets/Calefop.exe Participants were seated in

196 front of a computer screen, at a distance aboun50t all tests but the BFRT-c and CELEB,
197 participants had to respond by pressing a buttotherkeyboard. In the BFRT-c, participants
198 had to respond by clicking with the mouse on omecrimages. In the CELEB, the
199 experimenter was responsible for pressing a buttorthe keyboard when the participant
200 correctly named the famous face and for writing d@@mantic informatiomwhen the name

201 was not automatically retrieved by the participant

202 2.2.2. Facedetection

203 Mooney Face Test. This test assesses the ability to categorize walvigimulus as a
204 “face” without being able to rely on local featuies., requiring to perceive the stimulus as a
205 global configuration; Moore and Cavanagh, 1998; dRwset al, 2011). Stimuli and

206 procedure were the same as those used in the evgueri6 of Busignet al. (2010).

207 Stimuli. Eighty Mooney faces (two-tone, thresholded, blac# ehite) were selected
208 from the dataset created by Schurger and colleagues

209 (http://www.princeton.edu/artofscience/gallery/vielp%3Fid=77.htmM)l and based on

210 Mooney's original stimuli (Mooney, 1957). When a bfeey face is presented upside-down,

211 the face is usually not perceived.

10
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Procedure. Mooney faces were individually presented uprigid apside-down in the
middle of the screen. They were randomly displayetivo blocks of 80 trials. The subject
had to decide whether the image depicted a faaeobrWe considered a correct response
when participants pressed the button “yes” for glgriMooney faces (80 trials), and “no” for
upside-down Mooney faces (80 trials). Every responas followed by the apparition of a

central cross (300 ms) and a grey screen (300 ms).

One control participant (matched with a left MTLEtient) was not tested with this

task because of technical issues.

2.2.3. Face and non-faceindividuation

Benton Facial Recognition Test-computerized (BFRT-c). This test, developed by
Benton and Van Allen (1968), is the oldest unfaaniface matching test in neuropsychology,
used in numerous clinical and experimental studiesequires to match simultaneously
presented pictures of unfamiliar faces, againstratitor faces. It was performed in a

computerized version (Rossion and Michel, 2018).

Stimuli. As in the original test, stimuli were greyscale lenar female face

photographsvith neutral expressions and unfamiliar to theipgoants.

Procedure. A full-front target was always presented in theeippart of the screen
with six probes organized in two rows below it. tRgpants were instructed to match as fast
as possible the face at the top of the screenddate(s) presented among distractors The
experiment was composed of 22 trials split in tvaotg (6 trials in Part 1 and 16 in Part 2). In
Part 1, targets and probes were all full-front stitaken under the same lightimgnditions
and participants were instructed to match the tafgee with the samedentical face

presented among five distractors. In Part 2, targetre full-front while probes were pictures

11
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taken under different lightingonditions(8 items, lighting direction or LD items) arictad

orientations (8 items, head rotation or HR items) participants were instructed to match the
target face to 3 different exemplars of the sanwe famong 3 distractors. Each trial was
separated from the following one by a blank intenfa500 ms. Accuracy was scored on a
total of 54, and the total time taken by particifsato complete the test was measured in

seconds (Rossion and Michel, 2018).

Cambridge Face Memory Test (CFMT). The CFMT was originally developed by
Duchaine and Nakayama (2006) to evaluate face itgemécognition difficulties of
developmental origin and has become one of the mmktly used test in the literature. It
requires to explicitly encode pictures of six indival faces that have to be matched to
pictures of the same individuals, against distratéases. Stimuli and procedure used here

were the same as those used in Duchaine and NakaZad6)

Stimuli. The stimuli were 52 faces of young men with crapg®ir and neutral
expressions taken under different viewpoints agidtiings. Six individuals were designated as
targets (with 12 images for each target face) wiilber 46 individuals were used as

distractors.

Procedure. The CFMT starts with a brief practice (3 trialshdwed by a learning step
in which participants are asked to learn six unf@mtarget faces. Each target face is first
presented under three different viewpoints andi@pants have to subsequently recognize it
among two distractors (6 target faces x 3 trialsheae., 18 trials). In this first step, target
faces in the forced-choice task are identical ostudied items. In a second step, participants
are asked to perform the same task with novel imafi¢he target faces in which viewpoints
and lighting conditions are different from the leag step (30 trials). In the last step,

participants have to perform the task while Gaussigise is added on target and distractor
12
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279

faces to obscure facial features (24 trials). Tatzluracy on the CFMT is scored on R2ie

that three right MTLE patients were not tested wiiils task because of time constraints.

Face and car delayed matching task with upright and inverted orientations. This
task also requires matching individual face and-faae items against a distractor, across
orientation changes, and with a brief delay betwtbenpresentation of the stimuli to match.

Stimuli and procedure are identical to the expenidein Busigny and Rossion (2010).

Stimuli. One full front and one 3/4 profile greyscale plypephs of 36 individuals (18
females) and 36 cars were used. The target pigtasalways a full front picture, and the

probe a left 3/4 profile picture.

Procedure. Each trial began with a white screen (1000 md)ovieed by the target
(2000 ms) and a blank interval (1000 ms). Aftes timterval, two 3/4 profile probes were
presented. Participants were instructed to findpitode that corresponded to the previously
shown target. Each trial was presented both aghpend upside-down orientations. In total,
the experiment consisted in 144 trials (36 per @mand orientation). As in Busigny and
Rossion (2010), an index of inversion effect waspoted to quantify the performance
decrease related to inversion by combining bothu@oy and correct response times. This
was done by first calculating the inverse efficignice. the average response times of the
correct trials divided by accuracy in each condit{ace upright, face inverted, car upright
and car inverted). The index of inversion effeat fiaces and cars was then calculated using
the following formula: (Inverse efficiency Uprightinverse efficiency Inverted) / (Inverse

efficiency Upright + Inverse efficiency Inverted).

13
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2.2.4. Old/New individual recognition tasks with face and non-face items.
These tasks evaluate the ability to encode a sefieglividual faces, or nonfaces in a
separate test, and then to recognize these iteanssaglistractors in a subsequent recognition

stage.

Old/New Faces. The procedure was identical to the experiment Busignyet al.

(2010)

Stimuli. Stimuli were 60 color uncropped unfamiliar facetpres (30 females, 30
males). Thirty faces were selected as targets,ewd0l other faces were used as distractors

(matched with the target in gender, hairstyle dad solor).

Procedure. Participants were first presented with each of 3Betarget faces for 4
seconds and were asked to explicitly learn thenxt,Ne a forced-choice recognition task,
participants were presented with 30 pairs of fgee80 trials). For each pair, one face had
been learnt during the first step while the othacef was a similar-looking distractor.

Participants were instructed to select the leaoe f

Old/New birds. The procedure was the same as for the Old/NewsHRaseexcept that
faces were replaced by images of bifdsds’ images were presented in greyscale to avoid
simple matching based on color differences (colmymg substantially across birds in the
original images). Distractor items were matchecdhvihie target in general appearance, all
pairs depicting birds from the same bird familyighmaking it difficult to rely on a verbal

strategy to retrieve the target item.

2.2.5. Famousfacerecognition and naming
CELEB Test. This test assesses (French) famous face idemidincéhrough naming,

retrieval of semantic knowledge and multiple-chd@ee-to-name matching (Busigey al,

14
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2014). An advantage of this test is that it prosideo indexes evaluating famous face
identification and naming independently. The sameeg@dure was used as in Busigetyal.

(2014).

Stimuli. Sixty photographs of famous faces without exterfadial cues were
presented. They were mostly from the French spgaldommunity (singers, actors,

politicians, etc.). Stimuli were displayed on adiddackground in the middle of the screen.

Procedure. Each famous face was displayed for 30 secondshangarticipant had to
name the person (naming step). If naming was cipritee next face was presented; if not, the
subject performed 2 additional steps on this faesdgription and designation steps). First, the
subject had 30 additional seconds to give as muidtmation as possible, i.e., occupation,
age, nationality, etc. (description step). Secafter these 30 seconds, the participant was
provided with a multiple-choice and asked to filhe torrect name among four distractors
(designation step). A face was considered to beecthy identified if the participant correctly
named the face (naming step) or if the face was-aeslcribedand correctly designated. At
the end of the task, a final step was performedafiofaces that were not correctly identified
(knowledge step). Here, the experimenter provided torrect name and asked the
participants if they know this person. If the perseas not known, it was removed from the

calculation of indexes.

Scores and indexes. Three scores were computed. The denominatiore seas the
number of correctly named faces. The recognitiarescepresented the total of recognized
faces, i.e., the number of correctly named facas fiie number of faces correctly-described
and correctly-designated. The knowledge score wagadta of famous faces that were really
known to participants. Based on these three scomesindexes were computed. The Facial

Recognition Index (FRI), representing the abiltyrécognize famous people from their face,
15
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corresponded to the recognition score divided l&ykhowledge score (multiplied by 100).
The Name Access Index (NAI), representing the t3hib retrieve a proper name based on a
face, corresponded to the denomination score divijethe recognition score (multiplied by
100) (Busignyet al, 2014). Response times were recorded for the mastep only (faces

correctly named).

2.3. Statistical analysis
Statistical analyses were conducted using the S&#®are (IBM SPSS Statistics,
Version 20.0; Armonk, NY: IBM Corp.). All tests weetwo-sided, and the alpha-level was set
at p < .05. Analyses were carried out using chasguests for categorical variables and two
independent samples t-tests or non-parametric Méhithey U-tests for continuous
variables, depending on whether the data were oe wet normally distributed (as assessed
by the Shapiro-Wilk test). An estimation of effesize is reported using Cramer’s V for

categorical variables and Cohen’s d for continuargables.

3. Reaults

3.1.Group level
The results are summarized king. 1. All data and statistical results are available in
Table 2. The following analysis focuses on the comparisbraccuracy and correct RT
between left and right MTLE patients and their ezdjwve normal controls (NC)F{(g. 1,
Table 2). Direct comparisons between right and left MTL&i@nts are also reporteHig. 1,

Table2).
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Fig. 1. Accuracy and correct RT of patients and NC in the face and object
recognition tasks. Significant differences between patient groups Hredr respective NC
groups, and between left and right patient groupghndependent t-tests or Mann-Whitney U
tests (p < 0.05) are noted with diamonds and ag&&rrespectivelyA. Accuracy is reported
in percentages. BFRT-c and CFMT total scores wereverted in percentages for visual
purposesB. RT are reported in milliseconds. BFRT-c is notresented because response
times were measured in seconds.
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. Right . : .
Cognitive tasks L eft E/ITLE Lefi NC Comparison MTLE ngrlt NC Comparison Co_mparlson
ask (n=17) (n=17) | MTLE/NC | 1o (n=25) | MTLE/NC |left/right MTLE
Acc(%) | 90.08+4.7| 90.76 580> P 889 8907471 0164447772402 P2200 USAL2S, PR
Mooney Face TeSt Coher— O 246 dCohel 0 368 dCohel_ O
RT (ms) | 1528+749| 1364+913 U 9% P=183 | 1758 75| 12304 671 UT176,p=008 1 U=164.5, p=.219
- - ) dCohe]= 0.477 - - il dCohe|: 0.808 dCohe]= 0.387
t=-1.821, p=.078 t=-1.631, p=.110 t=-0.255, p=.80Q
q
. Acc(5) | 42.35:2.4) 44.06+2.9' 0% PO a2 6axas| aasex3q T O P AT 5200 B
t=1.176, p=.248 U=176, p=.008 | U=148.5, p=.101
RT(9 | 27581 | 243x80| " 20 s072055 | 24682 | L OREAD | VOIS ET
[U=1315, p=.631 U=278.5, p=.501 U=146.5, p=.082
o) q
AccUp (%) | 95.0980| 9655330 P 051 0434230 93.55+7.9" ( 02 IO L 4O BT
U=113.5, p=.276 U=256.5, p=.261 U=200.5, p=.754
[0)
Acciny (%)| 92.15+9.4| 95.58+4.0° (P2 PEA1R 02324 63] 92,55+ 1027 2002 PRI TE0S FO]
1 U=118, p=.361 U=151, p=.002 | U=97, p=.003
4 q
Cars |RT Up(ms)| 13054528 1006+227 = =it 1756 £ 785) 1238279 | "OmREOe | L 9N PR
U=77, p=.020 U=159, p=.003 | U=117, p=.014
RT Inv (ms)| 1469+ 563 11884258 -~ '"Polr | 1887 £799| 1360%208 oo S | UALLL AR
Delayed Index | 83955 | 4.68+38 52271 PT00 | 549, 43| 542447 EO057P=955 t=1.900, p=065
Mathing deone= 0.781 deone= 0.016 | degre= 0.597
| U=139, p=.848 U=193, p=02 | U=1455, p=.084
0, [0
Task AccUp (%) 9051+83| 9132253 >0 02001 86792 7.5) 91.32+7.9 |02 PR |V RS
t=-0.687, p=.497 1=0.843, p=.403 (=2.064, p=.046
[0)
Acciny ()| 78.43 £ 10.7 8055 6.9 7N DS 7210 0.0 74222867 S P ROOR PR
U=110, p=.235 U=178, p=.009 | U=124, p=.023
Faces |RT Up (ms)| 1682+ 605 1475550 O [723%1 2463 + 2208 1649 £ 40 1 Re0) | LoA24 Bl
1 U=133, p=.692 U=174, p=.007 | U=119, p=.017
RT Inv (ms)| 1058+ 715 1009+ 713 > 0720212814 42324 1856+ 304| =" R=RT | LS el
t=-0.336, p=.74Q t=-0.031, p=.978 t=-0.846, p=.403
index | 1434%62| 15351017 >0 Pr /% 16441 0.0) 16,532 108 L PR VSR
U=102, p=.143 i U=1505, p=.002 | t=1.065, p=.293
[0) e
CELEB FRI (%) |7127£20.380.20410 o 2 Fr0Y)68.65424383.05 £ 17.3 0 P02 DOl 10000 Pt
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355
356
357
358

NAI (%) |81.65+18. 91.41+5.7 U;:)‘:’i '8.:7'%12 8520+9.1| 83.31+134 Udch’ill:’ SB§§7 Ud:(jh(:i’ 83‘5837
RT (ms) |5848 + 2809 5117 + 114¢ Udcff 81517 0| 6321 + 2447 5409 + 1997 © écf:‘ > 4%81555 Udci: gzgf?’
Intro | Acc(/18) | 17.00+1.8| 17.76+0.6" diiifbf’z‘égos 16.90+21| 17.44+11 Y dcii.i 8‘2'7239 Udcihi;’ 8.‘3'(::’;6
NoNoise| Acc(/30) | 18.24 +4.4| 19.18+4.4" do 621, Op21‘23“ 17.95+5.4| 18.96+5.0" do -661, 0p19212 = do 173, Op05%63
CFM T Coher= Coher= Coher=
Noise | Acc(/24) | 11.94+4.1| 12.35+4.0" dgfffb?fdin 12.20+4.7| 13.40+42" dgje?fbf)z‘éim = dgfffb?&éi“
Total | Acc(/72) | 47.18+9.1| 49.41+8.0 tzag;:jfbf’;ég% 47.10+10.9 49.80 + 8.8 tzagj:j’bf’;?c = doc},ch)ig’o?(?b%m
| A (%) |79.12+115 89.66 + 7.2 tﬁﬁjﬁ@ P oe’| 8040+ 10.6 88.54 8.3 UZZZ;E’ v Uz&z:fbf’figgg
OldNan RT (ms) |2484 + 1184 2325 + 900 Udci-rilz goggl 3583 2114 2034 + 549| Y djfj; Svra A dcihzj pgnse
Tasks | A (%) | 70.39+8.2| 83.34+65 t‘io‘:g? Poot| 7292+ 8.4| 8337+ 9._Lt:(‘j‘cljgf’ peoon )= dgfffb'f’s'd?f”
RT (ms) | 2433+710| 2374+ 1029 V- dcihle? 833580 3514 + 1718 2152 + 606 ° dj?j; FféOSOg U= dcfj oy 9%077

Table 2. Performance of patients and controls on face and non-face recognition tasks. Values are shown as mearnstandard deviation.
Independent t-tests’ or Mann-Whitney U’s results waell as effect sizes (Cohen’s d), are shown &mhecomparison between left MTLE/left
NC groups and right MTLE/right NC groups. Signifitavalues at p < .05 (two-tailed) are shown in béldc = accuracy, RT = response times,

Up = upright, Inv =

inverted.
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3.1.1. Facedetection
Left and right MTLE patients did not differ in agewy rates from their respective NC
groups at the Mooney face detection test. WheedaMITLE patients were not different from

their NC in RT, right MTLE patients showed signé#itly longer RT.

3.1.2. Unfamiliar face and non-face individuation

Left and right MTLE patients did not differ in acegy at the BFRT-c and CFMT
from their respective NC groups. At the delayedahnialg task with pictures of cars, both
patient groups showed normal accuracy performaos®ared to their NC groups. For faces,
left MTLE patients performed in the normal rangeaccuracy. Right MTLE patients had a
slightly (i.e., 4%) but significantly lower accusaat matching upright faces only. However,
there was no interaction with stimulus inversionthbpatient groups showing normal face

inversion indexes.

Right MTLE patients were significantly slower thtreir NC group on all measures
(BFRT-c; delayed matching task with faces and choth orientations). In contrast, left
MTLE patients were only slower on the delayed maightask with inverted cars.
Interestingly, in both patient groups, RT on theRBFc correlated with th€oding tesof the
WAIS assessing visuospatial processing speed-0.56, p = .02, and r = -0.51, p =,0ar

left and right MTLE groups respectively) dbles 3 and 4).

Processing
. . Age at . speed
Correlatlon§ in left MTLE _ Age gt epilepsy Epllepsy Number Total IQ | (percentile
patients inclusion duration of AED :
onset Coding
test)
r=0.169, | r=-0.023, | r=0.195, | r=0.315, Or2_6-1 r=0.003,
p =.517 p=.930 p = .453 p=.218 D z 31'2 p=.991
BFRT-c Acc Closo, = - Closo, = - Closo, = - Clgsg, = - Cl 0 — Clgsg, = -
0.339/ 0.498 / 0.315/ 0.195/ 09§§2/ 0.510/
0.601 0.463 0.618 0.691 O 200 0.514
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r=-

r=0.051, r=0.273, r=-0.305, | r=-0.046, 0.497 r =-0.557,
p = .846 p = .289 p=.234 p=861 | “lTo4y | P=.020
RT Closg, = - Closg, = - Clgso = - Closy = - cl 0 _ Closg, = -
0.440/ 0.239/ 0.685 / 0.515/ 0956’4/ 0.832/ -
0.519 0.666 0.206 0.444 O 020 0.062
r=-0544, | r=-0.751, | r=0446, | r=0331, | , ;Zl r=0.202,
A p=.024 | p=.0005 | p=.073 p=.194 S p = .437
€C | Closs=- | Closs=- | Clasw=- | Clos=- | P.=180 1 Clop=-
Up 95% 95% 95% 95% Clgs%: _ 95%
0.812/ - 0.905/ - 0.044 / 0.178/ - 0.207 / 0.346/
0.086 0.423 0.763 0.009 0 726 0.647
r=-0.488, | r=-0577, | r=0.274, | r=0.220, Orsgs r=0.257,
Acc p =.047 p =.015 p=.287 p=.396 ~ 158 p=.319
Clesyy=- | Closw=- | Cless=- | Closse=- | P.~" Closys = -
Inv 95% 95% 95% 95% Clgs%: _ 95%
0.785/ - 0.828 1/ - 0.238/ 0.291/ 0.189 / 0.294/
0.009 0.133 0.667 0.634 0 735 0.680
r =0.531, r = 0.455, r=-0.074, | r=-0.368, 0 0_3_7 r=-0.306,
p =.028 p =.066 p=.778 p =.146 _ 88’8 p=.232
Cars | RT Up Closoy, = Clgsy = - Clgsy = - Closy = - Fél L Closy, = -
0.068 / 0.033/ 0.536 / 0.721/ B %5:";9‘/ 0.707 /
0.806 0.768 0.422 0.137 6484 0.245
r=0.431, r=0.287, r=0.048, r=0.351, 0 0_36 r=-0.315,
p =.084 p = .264 p = .855 p=.167 = 900 p=.218
RT Inv C|95%: - C|95%: - C|95%: - C|95%: - g| ; - C|95%: -
0.063/ 0.225/ 0.443 / 0.156 / 0955§’4 / 0.712/
0.755 0.674 0.517 0.711 0'490 0.235
r=-0.560, | r=-0.612, r=0.250, r =0.058, 0r1—4-2 r=-0.165,
Delayed p =.019 p =.009 p=.333 p=.825 ~ 58'7 p =.527
Matching Index Clgso, = - Closo, = - Clgse, = - Clgsey = - EI ’ — Clgsg, = -
Task 0.820/ - 0.844/ - 0.262 / 0.435/ 0965‘1“0‘ / 0.624 /
0.108 0.186 0.652 0.524 O 399 0.379
r=-0.127, | r=-0.125, r =0.039, r=-0.104, 0 215_)2 r =0.598,
A p=.627 p =.633 p = .882 p=.691 e p =.011
cc v - - - p =.045 =
Up Closy = - Closy, = - Closos = - Closos = - Closes = - Closy =
0.573/ 0.571/ 0.450/ 0.557/ 0.027/ 0.123/
0.377 0.378 0.510 0.396 O 802 0.850
r=-0.120, | r=-0.159, r =0.090, r=0.004, 0 r525 r = 0.650,
Acc p = .646 p =.542 p=.731 p =.988 _ 02’4 p =.005
_ _ _ _ p=. _
Inv Closy = - Closy = - Closos = - Closos = - Closy, = Closy =
0.568 / 0.594 / 0.408/ 0.477 1/ 0 04%/ 0.206/
0.383 0.348 0.547 0.484 0 826 0.872
Faces —
r=0.199, r=0.295, r=-0.189, | r=-0.232, Or2_9;l. r =-0.545,
p=.444 p=.250 p =.467 p=.370 D _ 25’7 p =.024
RTUp | Closy= - Closos = - Closos = - Closwo=- | &) ~Z " Closos = -
0.311/ 0.216/ 0.614/ 0.641/ 09539/ 0.826/ -
0.620 0.679 0.321 0.280 0 260 0.045
r=0.119, r=0.263, r=-0.225, | r=-0.273, 0r1_8é5 r=-0.331,
p = .649 p =.308 p =.385 p=289 | "7 p=.194
RT Inv C|95%: - C|95%: - C|95%: - C|95%: - cl ; - C|95%: -
0.383/ 0.249 / 0.637/ 0.666 / 09§§7 / 0.721/
0.567 0.660 0.287 0.239 . 0.218
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r=-0.100, | r=-0.069, | r=-0.008, | r=-0.260, Orf?)é r=0.088,
p=.702 | p=.792 | p=.975 | p=.313 Ser1 | p=.737
Index Closo, = - Closo, = - Closo, = - Closo, = - ?ZI_ o Closo, = -
0.554 / 0.532/ 0.487 / 0.658 / 098"6“4 / 0.444 |
0.400 0.426 0.474 0.252 ' 0.574
0.407
r=-0172, | r=-0.329, | r=0260 |r=-0.131, | | ;;6 r=0.370,
p=.509 | p=.197 | p=.313 | p=.616 g | p=.144
CFMT Total Acc Closo, = - Closy, = - Closy, = - Clgsg, = - 2|_ ’ _ Clgsg, = -
0.603/ 0.699 / 0.252 / 0.575/ 0952/1“2‘/ 0.175/
0.336 0.180 0.658 0.373 ' 0.742
0.650
377 Table 3. Correations in left MTLE patients. Correlations of clinical and demographic
378 variables with the accuracy scores and responsstohthe face and non-face individuation
379 tasks in left MTLE patients. Pearson r and assedigtvalues are displayeds well as 95%
380 confidence intervalsValues in bold are significant at p < .0%ot corrected for multiple
381 comparisons)Acc = Accuracy, RT = response tim&3gse, = 95% Confidence intervals
382

Processing
. L Age at . speed
Correlatlons_ln right MTLE _ Age at epilepsy Epllepsy Number Total 1Q (percentile
patients inclusion duration of AED .
onset Coding
test)
r=-0.274, | r=0.285, | r=-0.425, | r=0.034, r =0.454, r=0.163,
p=.185 p=.167 p =.034 p=.872 p =.023 p=.436
Acc Closo, = - Closo, = - Closo, = - Closo, = - Closo, = Closo, = -
0.604 / 0.124/ 0.702/ - 0.366 / 0.072/ 0.248/
0.136 0.611 0.036 0.423 0.720 0.524
BFRT-c
r =0.476, r =0.070, r=0.340, | r=0.294, | r=-0.478, r=-0.512,
p =.016 p=.739 p =.096 p=.154 p =.016 p =.009
RT Clgso, = Closy = - Closy = - Closg = - Closo, = - Closo, = -
0.099/ 0.334/ 0.064 / 0.114/ 0.734/ - 0.754 / -
0.733 0.453 0.648 0.617 0.102 0.146
r=-0.563, | r=0.159, | r=-0.569, | r=0.140, r=0.197, r=-0.077,
Acc p =.003 p =.448 p =.003 p =.504 p=.345 p=.714
Up Closgs = - Clgso, = - Closgs = - Closy, = - Closy, = - Closy = -
0.784/ - 0.252/ 0.787 /- 0.270/ 0.215/ 0.458/
0.216 0.521 0.224 0.507 0.549 0.328
r=-0.537, | r=0.277, | r=-0.636, | r=-0.345, | r=0.400, r =0.309,
Ace p = .006 p=.180 p =.0006 p =.091 p =.047 p=.133
Inv Close, = - Closy, = - Closo, = - Clgsy, = - Close, = Closy, = -
0.769/ - 0.133/ 0.824/ - 0.651/ 0.006 / 0.098/
Delayed 0.180 0.606 0.322 0.058 0.687 0.627
Matching | Cars
Task r=0.650, | r=-0.017, | r=0.543, | r=0.339, | r=-0.256, r =-0.382,
p =.0004 p=.936 p =.005 p =.097 p=.217 p =.059
RT Up Clgso, = Closy = - Clgse, = Clgsy = - Clgsy = - Closy, = -
0.343/ 0.409/ 0.188/ 0.065/ 0.763/ - 0.675/
0.831 0.381 0.772 0.647 0.165 0.015
r =0.669, r=0.005, | r=0.544, | r=0.313, | r=-0.232, r =-0.385,
p =.0002 p=.981 p =.005 p=.128 p =.256 p =.057
RT Inv Closo, = Closg = - Closy, = Closy = - Closy = - Clgso, = -
0.372/ 0.391/ 0.190/ 0.094/ 0.574/ 0.677/
0.842 0.399 0.773 0.630 0.180 0.012
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384
385
386
387
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389

390

391

392

393

394

r=0.042, | r=-0.152, | r=0.150, r=0.066, r=-0.141, r=-0.153,
p=.842 p =.468 p=.474 p=.754 p=.501 p =.465
Index Closy = - Closy = - Closy = - Closg = - Closg = - Closy = -
0.359/ 0.516/ 0.260/ 0.338/ 0.508/ 0.517/
0.430 0.259 0.515 0.449 0.269 0.258
r=-0.328, r=0.225, r=-0.429, | r=-0.185, r =0.668, r=0.413,
pce | P=109 | p=279 | p=.032 | p=376 | p=.0003 | p=.040
Up Closy = - Closy = - Closo, = - Closy, = - Closys = Closys =
0.640/ 0.187/ 0.705/ - 0.541/ 0.371/ 0.021/
0.077 0.569 0.041 0.227 0.841 0.695
r=-0.260, r=0.173, r=-0.333, | r=-0.241, r=-0.016, r=0.036,
Ace | P=209 | p=.408 | p=.104 | p=546 | p=.939 p=.864
Inv Closo, = - Closo, = - Close, = - Closo, = - Closo, = - Close, = -
0.594 / 0.238/ 0.643/ 0.581/ 0.408/ 0.364 /
0.151 0.532 0.071 0.170 0.381 0.425
r=0.382, r=0.042, r=0.281, r=0.083, r=-0.238, r=-0.319,
p =.059 p=.842 p=.174 p=.693 p=.252 p=.120
Faces RT Up Closy, = - Closo, = - Closo, = - Closo = - Clgsg, = - Closg, = -
0.015/ 0.359/ 0.128/ 0.323/ 0.579/ 0.634 /
0.675 0.430 0.608 0.463 0.173 0.087
r=0.432, r=0.051, r=0.315, r=0.185, r=-0.226, r=-0.326,
p =.031 p =.809 p=.125 p=.376 p=.277 p=.112
RT Inv Closys = Clgso, = - Closo, = - Closy, = - Closy = - Closy = -
0.044 / 0.351/ 0.091/ 0.227/ 0.570/ 0.639/
0.706 0.437 0.631 0.541 0.186 0.079
r=-0.003, r=0.065, r=0.049, r=0.244, r = 0.408, r=0.234,
p=.989 | p=.757 | p=.816 | p=.240 | p=.043 p=.260
Index Closy = - Closy, = - Closg, = - Closy, = - Closos = Clgso, = -
0.398/ 0.339/ 0.353/ 0.167/ 0.015/ 0.177/
0.393 0.449 0.436 0.583 0.692 0.576
r=-0.181, | r=-0.016, | r=-0.141, | r=-0.194, r=0.413, r=0.307,
p=.38 | p=.939 | p=.501 | p=.353 | p-=.040 p=.135
CFMT Total Acc Clgso, = - Closo, = - Clgso, = - Clgso, = - Clgsy = - Clgso, = -
0.560/ 0.435/ 0.531/ 0.569 / 0.010/ 0.132/
0.260 0.408 0.298 0.248 0.711 0.645

Table 4. Correlations in right MTLE patients. Correlations of clinical and demographic
variables with the accuracy scores and respongssstofithe face and non-face individuation
tasks in right MTLE patients. Pearson r and assedip-values are displayeas well as 95%
confidence intervalsValues in bold are significant at p < .0%ot corrected for multiple
comparisons)Acc = Accuracy, RT = response timé€dys., = 95% Confidence intervals.

3.1.3. Old/new recognition tasks
Both patient groups had lower accuracy than thé€irdw the old/new tasks both with
face andbird stimuli. Right MTLE patients were also significanglower than their NC on

these two tasks while left MTLE were unimpairddilfle 2).

3.1.4. Famousfacerecognition and naming
Right MTLE patients showed lower performance thagirtNC in identifying famous
people from their face (FRI, CELEB test) but haddifficulty in naming those that they
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could identify (NAI, CELEB test). In contrast, IéMTLE patients did not differ in identifying
famous people from their face but showed lower grarnce than their NC in naming
famous faces. Right and left MTLE did not diffeorin their respective NC groups in RT on

naming (correctly named famous faces).

3.2.Interim summary

The latter finding that left MTLE patients had difilties at naming famous faces,
while right MTLE patients were impaired at identify famous persons from their faces, is
consistent with previous studies (Draeeal, 2008, 2013). Moreover, both right and left
MTLE patients were impaired at explicitly learnifare and bird images, in line with visual
episodic memory deficits in MTLE (Chiaravalloti a@losser, 2004; Helmstaedter, 2013)
However, a novel aspect of the present study it rigat and left MTLE patients had no
difficulties at individuating pictures of unfamitidaces (BRFT-c, CFMT, face matching), at
least when accuracy only is considered. Right MTad&formed more slowly than NC in all
tasks (except at naming famous faces in the CEL4SB after identification). This slowing
down was not specific to faces since it was alwfaysd for both faces and non-face items,
without any evidence of a more severe effect foe$a Moreover, right MTLE patients were

also significantly slower than the left MTLE patisrat thegeneral Coding test

3.3.Interindividual variability in unfamiliar face and non-face individuation
tasks
Although no clear difference was found betweenguasi and controls in unfamiliar
face individuation tasks at the group level, the@es an increase of interindividual variability
for patients as compared to their NC for some eb¢htasks (BFRT-c, face and car delayed
matching task and CFMT), as shown by Levene’s téstk and right MTLE patients had

more variable accuracy on the delayed matching wask upright cars than their respective
25
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NC (F = 4.175, p = .049, and F = 4.879, p = .0838pectively). Right MTLE patients also
had more variable response times on the BFRT-c 8793, p = .005), delayed matching
with inverted and upright cars (F = 7.659, p = ,08&d F = 7.056, p = .011, respectively) and

with inverted faces (F = 5.551, p =.023).

To further understand the nature of this interirdiral variability in unfamiliar face
and non-face individuation tasks (BFRT-c, CFMT,efand car delayed matching task), we
correlated the patients’ performance (accuracyRihdon these tasks with their demographic
and clinical characteristics (all correlations &weand in Tables 3 and 4 for left and right
MTLE patients respectively)Note that in the following analysis, we did not remt our
statistical threshold for multiple comparisons (613 = 78 comparisons for each patient
group) because this led to a highly conservativestiold (FDR-corrected). This analysis
should be interpreted with caution because of tleakwstatistical power due to the small
sample of subjects, especially in the left MTLE gyo However, we report confidence
intervals for each correlation in Tables 3 andridright MTLE patientsduration of epilepsy
was significantly and negatively correlated withcaacy at the BFRT-c and delayed
matching with upright faces and cars, and invedads Tables 3 and 4). In left MTLE
patients, no correlation was found between epileghswation and any of these individuation
tasks. Total IQ was positively correlated with seVescores in both left (delayed matching
with faces) and right (BFRT-c, delayed matchinghwipright faces and inverted cars, face
inversion index, CFMT) MTLE patients, indicatingathpatients with a lower 1Q also had

lower performance on these tasks.

There were also significant negative correlatioh®® in the BFRT-c with total 1Q
and theCoding testin both left and right MTLE patients. A significapbsitive correlation

was also found between age at inclusion and BFRT-in right MTLE patients onlyTable
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443 4), indicating that older patients had longer RT. iRThe delayed matching task with faces
444 and cars were not correlated with 1Q or processipged, except for the RT at matching

445  upright faces which was correlated with processipeed in left MTLE patients only.

446 3.4.Do MTLE patientsdiffer qualitatively from normal controls?

447 Although no clear difference was found betweengoasi and controls in unfamiliar
448 face individuation tasks at the group level (i&,a quantitative level), we explored the
449 possibility that they differ qualitatively (i.e.,ceuracy or RT pattern across items). We
450 therefore performed an item-by-item analysis onsineond part of the BFRT-c (matching the
451 target with its 3 corresponding probes). We focusedhe BRFT-c for two main reasons: (1)
452 normative data from 307 participants are availabta this test, including mean accuracy and
453 RT for each item (Rossion and Michel, 2018); (2 BFRT-c is characterized by a large

454  variability in difficulty across items (Rossion aktichel, 2018).

455 In the normative study of the test (Rossion andhdic2018), mean accuracy scores
456 and RT across 307 typical participants were contptde each of the 16 items of the second
457 part of the BFRT-c, ranking the items from the esisio the most difficult. Here, we followed
458 the same procedure as in Rossion and Michel (2848)considered at the mean accuracy
459 score and mean RT for each item of this second(paxt16) in both patient and NC groups.
460 Consistent with the results observed in RossionMiotiel (2018)(these results are shown in
461 Fig. 2A and 3A), items with changes in head rotation (HR itemt®)veed higher accuracy
462 scores and lower RT than items with changes irtiighdirection (LD items) in both left and
463 right MTLE patients and in their NG=(g. 2B, 2C for accuracyfig. 3B and 3C for RT). To
464 statistically assess that the difference betweerah® HR items was the same across patients
465 and their matched NC, we calculated two indexekectiig the difference in accuracy or

466 response times between these two types of itemesaftir participant. We subtracted the mean
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469

470

471

472

473

474
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476

ar7

accuracy score of LD items from the mean accuraoyesof HR items and divided it by the
mean accuracy of all items. We followed the sanmecyple with RT, but subtracted the mean
RT of HR items from the mean RT of LD items, toabta positive index. We then compared
the accuracy and RT difference indexes of the pttiand their NC. No difference was found
between the right MTLE patients and their NC (aacyr t = -0.780, p = .439; RT: t = 1.298,
p = .202), or between the left MTLE patients anelittNC (accuracy: t = -0.454, p = .653;
RT: t = -0.554, p = .584). The same comparisongoeréd between MTLE patients and the
307 participants of the normative data did not atamy difference between groups (accuracy
indexes: t =-0.390, p = .697 and t = 1.350, p89.fbr the comparison of the normative data
with left and right MTLE patients, respectively; Ridexes: t = 1.445, p = .149 and t = -

0.414, p = .682 for left and right MTLE patientsspectively).
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A NORMATIVE DATA FROM ROSSION AND MICHEL (2018)

Mean score for each item
of the BFRT-c second part

Item Number
N

12 14 16 18

2 22

24 26 28 3

Mean score (/3)

B  LEFT MTLE PATIENTS

Mean score for each item
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Item Number

Item Number

RIGHT MTLE PATIENTS
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Fig. 2. Mean accuracy scores per item of the second part of the BFRT-c. Items are
ordered from the highest to the lowest score. Ligt#ty represents LD items, dark gray
represents HR item#. Normative data on 307 young adult participantsnfrBossion &
Michel (2018).B. Mean accuracy scores per item in the left MTLEqmds and their matched
NC. C. Mean accuracy scores per item in the right MTLEgpais and in their matched NC.
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A NoRMATIVE DATA FROM ROSSION AND MICHEL (2018)

Mean RT for each item
of the BFRT-c second part

Item Number
N o
[N
‘ ‘ HULS

o

10 15 20 25 30 35
Mean RT (in sec)

B LEFT MTLE PATIENTS C  RIGHT MTLE PATIENTS
Mean RT for each item Mean RT for each item
of the BFRT-c second part of the BFRT-c second part
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g 22 E 16
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22 9  ——
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13 13
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Mean RT (in sec) Mean RT (in sec)
484
485 Fig. 3. Mean response times per item of the second part of the BFRT-c. Items are

486 shown from the fastest to the slowest RT. Lightygrapresents LD items, dark gray
487 represents HR item#. Normative data on 307 young adult participantgnfrRossion &
488 Michel (2018).B. Mean RT per item in the left MTLE patients anditheatched NCC.
489 Mean RT per item in the right MTLE patients andheir matched NC.
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Moreover, mean accuracy scores correlated negativith mean RT in both left and
right MTLE patients (r = -0.760, p < .001, and 10793, p < .001, respectively), as well as in
left and right NC (r = -0.864, p < .001, and r 88D, p < .001, respectively), indicating that
items with the highest accuracy scores were alsoottes with the shortest response times

(seeFig. 2 and 3), as found in normative data (Rossion and Michel,8).

Finally, we calculated the inverse efficiency otleatem for both patients and NC
groups to take into consideration speed-accuracietoffs. This was done by dividing the RT
by mean accuracy for each item in each group (Temthsand Ashby, 1978, 1983; see also
Bruyer and Brysbaert, 2011). There was a strongtip@scorrelation across items between
patients and NC, for both left and right MTLE pat®(r = 0.91, p <.001 and r = 0.90, p <
.001, respectively), indicating that items that eveetter succeeded (high accuracy and low
RT) in NC were also those that were better sucakaudTLE patients Fig. 4A and B).
Results of both MTLE patient groups were also amib the resultsf a larger sample of 307
younger participants from a recent normative st(Rigssion and Michel, 2018) as shown by
strong positive correlations between inverse edficy scores of left MTLE and normative
data (r = 0.90, p <.001), and right MTLE and natimeadata (r = 0.97, p < .001[ig. 4C).
Altogether, these results show that MTLE patierasndt differ qualitatively from normal

controls at unfamiliar face individuation.
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Figure 4. Correlations of inverse efficiency scores for each item of the second
part of the BFRT-c. Each data point represents one of the 16 itentiseo$econd part of the
BFRT-c.A. Correlation between inverse efficiency scoresefif MTLE and theirespective
NC. B. Correlation between inverse efficiency scoresgiitrMTLE and theirespectiveNC.

C. Correlation between inverse efficiency scores eft bnd right MTLE andinverse
efficiency scores of 307 neurotypical participafram the normative data in Rossion and
Michel (2018). IE = Inverse Efficiency.
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4. Discussion

The present study is the first to systematicallyeas a range of face and non-face
recognition abilities in patients presenting wi#ftlor right MTLE. Our main findings are
that: (1) MTLE patients present with famous faceniification and learning difficulties, in
line with previous evidence (Chiaravalloti and Gless 2004; Dranet al, 2008, 2013); (2)
despite this, left and right MTLE patient groupsrdu differ on accuracy scores at unfamiliar
face individuation tasks compared to their respecNC groups; (3) MTLE patients do not
differ qualitatively from NC at unfamiliar face ingduation; and (4) right MTLE patients
show a general increase of RT in all tasks, suggeatslowdown at explicit behavioral tasks

for visual material, unspecific to unfamiliar faicelividuation.

4.1. Unfamiliar faceindividuation ispreserved in MTLE patients

The most important and original finding of our stusl thatat the group leveboth left
and right MTLE patients do not differ in accuragymgpared to their NC on unfamiliar face
and non-face individuation tasks (BFRT, CFMT andhged face and car matching task).
Importantly, there was no difference in accuraciywieen patient and NC groups on the two
most widely used neuropsychological tests to ingaté face recognition in the scientific
literature, i.e. the BFRT and CFMT (Benteh al, 1983; Duchaine and Nakayama, 2006).
Only a significant 4% decrease in accuracy at miadgchipright faces was found in right
MTLE patients at the delayed matching task. Howevét) this decrease, even if it is
significant, remains very small (91.32% of cornegponses in right NC compared to 86.79%
in right MTLE patients), (2) it may be due to thature of a task that, contrary to the BFRT,
requires to hold individual face representationsi@mory for 1000msand (3) total 1Q might
play a role in this small decrease, knowing that feend a strong positive correlation
between 1Q and accuracy at matching upright fasesght MTLE patients, and that these
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patients had a mean IQ 10 points lower than lefl_Mpatients (even though the difference

was not significant).

Although patient and NC groups did not differ oruwracy scores at the group level,
some of the scores were correlatentoss individualsith clinical and neuropsychological
characteristicsT(ables 3 and 4). In right MTLE patients, both the upright face tetang and
the BFRT accuracy scores were negatively correlatddepilepsy duration, suggesting that a
slightly lower performance at these two-face indization tasksn some individual€ould be
associated with a longer epilepsy duration. Moneegally, total IQ was positively correlated
with several scores in both left (delayed matchaiiy upright and inverted faces) and right
(BFRT-c, delayed matching with upright faces anglented cars, face inversion index,
CFMT) MTLE patients, suggesting that their perfono@ may be related to difficulties to

understand the instructions of explicit behavioasks.

4.2. MTLE patients do not differ qualitatively from nor mal controls

In the delayed face and car matching task, MTLEeptd showed a classical face
inversion effect (i.e., lower accuracy and highdr far inverted faces compared to upright
faces) with the same magnitude as their NC (siniildex of face inversion effect between
MTLE patients and their NC). Face inversion is knote dramatically affect behavioral
individuation of faces in neurotypical human adul¥n, 1969; Freireet al, 2000; see
Rossion, 2008 for review) and this effect is aliwis in brain-damaged prosopagnosic
patients (as reviewed in Busigny and Rossion, 204 @reserved face inversion effect in left
and right MTLE patients therefore provides stromglence that this clinical population is not
qualitatively impaired on unfamiliar face individian. Moreover, the magnitude of the face
inversion effect was higher than for non-face stimas also is observed in neurotypical

human adults (Busigny and Rossion, 2010; RossidrCamran, 2010).
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We further explored potential qualitative diffeces using the BFRT-c data. The
normative study of Rossion and Michel (2018) showdtgher accuracy and lower RT items
on HR items than on LD items. However, the wellakngrosopagnosic patient PS, although
she achieved a borderline score of 39/54 (Busigny Rossion, 2010), showed almost no
advantage for HR items compared to LR items atBR®T-c (Liu-Shuanget al, 2016;
Rossion and Michel, 2018). Importantly, the samafiler as in normal controls was found
here in left and right MTLE as well as in their pestive NC. Moreover, items that were
better performed (high accuracy and low RT) by MTp#tients were also those that were
better performed by their respective NC and byrntbienative population (N = 307, Rossion

and Michel, 2018).

4.3. Semantic and episodic memory in MTLE patients

As in previous studies, we found that MTLE patiehtd lower performance at
famous face recognition compared to normal contf&denberget al, 2002; Viskontagt
al., 2002; Glosseet al, 2003; Griffith et al, 2006). Specifically, left MTLE patients were
impaired at naming famous faces while right MTLEigats were impaired at explicitly
recognizing famous faces (i.e. both by naming araiging semantic information from a
face), consistently with previous studies (Drateal, 2008, 2013). Since the very same
patients were not impaired at individuating unfaaniffaces, their famous face recognition
deficit does not appear to be due to visual fadesziduation, but rather to a semantic memory
impairment. This hypothesis is consistent with filnections of the ventral anterior and polar
temporal cortex, which is affected in MTLE (Mailtbet al, 2004). Numerous neuroimaging
and lesion studies have provided evidence for @angtinvolvement of the bilateral ventral
anterior temporal cortex and temporal pole in sdimarocessing (Ricet al, 2015, 201B;

Hoffman and Lambon Ralph, 2018). In particularjdasstudies (in patients after surgical
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resection of the anterior temporal lobe or presgnivith a neurodegenerative disease such as
semantic dementia) found relative differences maic performance depending on the side
of the lesion (Snowdeet al, 2004, 2012; Butleet al, 2009, Riceet al, 201&). Damage to

the left ventral anterior and polar temporal regitvas been shown to cause relatively more
difficulties with verbal semantic processing (asnimag) while damage to the right ventral
anterior and polar temporal regions leads to malative difficulties with non-verbal
semantics (as recognizing famous faces). The diffeal involvement of left and right
anterior temporal lobes in semantics is consisigtiit our results showing greater difficulties
at naming famous faces in left MTLE patients arehtgr difficulties at explicitly recognizing

famous faces in right MTLE patients.

Interestingly, we also found that both left andhtigMTLE patients had lower
performance (around 10% less in accuracy compared@) at explicitly encoding and
retrievingvisual items. This decrease in performance affected kath &nd non-face (birds)
items, showing that this impairment was not spedid faces. These results are consistent
with well-known visual episodic memory deficits in this population (Helaedter, 2013;
Brissartet al, 2018; Oncet al, 2019), related to dysfunctions of the hippocamgd rhinal
cortex, which are always affected (to a greatdesser extent) in MTLE. Moreover, the fact
that both left and right MTLE patients present withual learning difficulties is consistent
with the view that there is no strict relationsbgtween the lateralization of the epileptogenic

focus and the performance at memorizing visualrmadion (Leeet al, 2002; Saling, 2009).

4.4.Responsetimesincreasein right MTLE patients
Right MTLE patients showed a general increase ofirRVirtually all tasks that were
tested in the present study. RT is an importanaiée to consider in individual face matching

tasks, as it may reveal impairments beyond accumaegsures, for instance in patients with
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prosopagnosia (Davidoff and Landis, 1990; Faral®01®elvenneet al, 2004). However,
and importantly, RT increases in right MTLE patgeimt the present study were not specific to
the type of stimuli (increase in RT for face anchfiace items) or to the task (increase in RT
for detection, individuation and learning tasksighiR MTLE patients were also slowed down
compared to left MTLE patients at a simple visuatgp task, evaluating general processing
speed. Specifically for the BFRT-c, the performamce the Coding testwas negatively
correlated with the RT at this task, suggesting tha slowing down of right MTLE patients
at the BFRT-c was patrtly related to a general sigvdown in visuo-spatial processing speed
rather than to difficulties at individuating unfdiar faces.This is supported by the fact that
the Coding test was not correlated with the RT theioface or non-face individuation tasks
that require less visuo-spatial processing comptodtle BFRT (2 images to explore in the

delayed matching task, 3 in the CFMT, as compavédlih the BFRT).

Overall, our observations suggest that the genemkase of RT in right MTLE
patients does not reflect impairment at unfamifiace individuationper sebut rather a
general slowdown at all visual tasks, related t® tight hemispheric lateralization of the
epilepsy. Cerebral asymmetry in RT in brain damagegulations has been previously
demonstrated (see Benton, 1986). A plausible eggilam for this asymmetry relies on the
more prominent role of the right hemisphere in @ingtg visuospatial attention. According to
this hypothesis, the right hemisphere has a cruci@ in maintaining directed attention
towards a task (Heilman and Van Den Abell, 1979;sM&m, 1981; Whitehead, 1991,
Thiebaut de Schotteet al, 2011), and a right-lateralized damage is thusensoisceptible to
cause attentional deficits (Mesulam, 1981). Coeansitt, early studies have shown that

patients with right-lateralized lesions had incegh®T on simple visual reaction tasks (e.g.,
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pressing a button when a light appeared) compareguatients with left-lateralized lesions

(Arrigoni and De Renzi, 1964; De Renzi and Faglid®65; see Benton, 1986).

Another possibility to explain the slower RT of fgMTLE patients is related to the
intellectual efficiency. Although the difference svanot significant, right MTLE patients
exhibited in average a 10 points lower total IQntheft MTLE patients, which could be of
importance when understanding instructions of @eks and responding appropriately to
them. This is in line with numerous studies showangfrong association between processing
speed and intellectual efficiency and indicatingtttower IQ scores are associated with
longer response times during simple reaction taskshoice reaction tasks (Deaey al,
2001; Schweizer, 2001; Jensen, 2006; Sheppard ambN, 2008; see also Frischkatnal,
2019). Hence, the general slowing-down observed in oumufaion of right TLE patients
could be related to an alteration of visuospatié¢rdional networks or tonore general
cognitive factors (i.e., as measured the IQ score seeTable 4) rather than visual face

individuation processinger se

A promising avenue to clarify this issue with MTldatients in future studies is the
use of implicit measures of face individuationpagvided by EEG frequency tagging (Norcia
et al, 2015). In particular, sensitive and objective sugas of unfamiliar face individuation
can be obtained in a few minutes of testing withoddball paradigm (Liu-Shuangt al,
2014; reviewed in Rossiogt al, in press) showing high test-retest reliabilityzfielyovaet
al., 2019) and specific sensitivity to severe impamime face identity recognition (i.e.
prosopagnosia, Liu-Shuargy al, 2016). If the slowing down of right MTLE patients not
specific to visual individuation of facqser se this population should present with typical

frequency-tagged EEG responses in this paradigm.

38



658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

4.5. Thevalidity of iIEEG recordingsto understand visual face recognition

Over the last decade, iIEEG recordings implante@piteptic patients (either with
subdural electrodes, ECoG, or with depth intracaleblectrodes, SEEG) in patients with
epilepsy has become increasingly used to underskendeural basis of face recognition, and
in particular the mechanisms of visual face indination (Allisonet al, 1999; Davidescet
al., 2014; Engell and McCarthy, 2014; Ghunsral, 2014; Jonast al, 2016; Kadipasaoglu
et al, 2016; Hagenet al, 2020; Rangarajaet al, 2020). Since IEEG recordings are
performed in patients with drug-resistant epilepsy MTLE is the most frequent focal
epilepsy referred for epilepsy surgery (Schuelelaidkers, 2008; Spencer and Huh, 2008; see
also Ladinoet al, 2014), MTLE patients are the most included pasian IEEG studies.
Therefore, it is legitimate to ask whether iIEEGoareings in epileptic patients provides a
valid model to understand normal face recogniti@ngsionet al, 2018). Several sources of
evidence provide support for the validity of humB&G to inform about normal visual face
individuation. For examplegespite mixed evidence of general decreases ofimeaging
signal in some regions (Rilegt al, 2015), MTLE patients appear to showtypical
localization of posterior cortical face-selective activations in fMRI (Jacques al, 2016;
Weiner et al, 2016). Moreover, in this population, the largéste-selective responses in
IEEG are found in the lateral section of the rightldle fusiform gyrus (Jonast al, 2016;
Hagenet al, 2020),as in typical brains in fMRI (Kanwishest al, 1997). The present
behavioural study significantly adds to these sesiraf evidence by showing that left and
right MTLE patients have normal quantitative andalgative performance at individuating
unfamiliar faces, suggesting that these patienesgmt with a typical neurofunctional

organization of face individuation.
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Highlights of « Typical visual unfamiliar faceindividuation in left and right
mesial temporal epilepsy »

» A range of face recognition tasksistested in agroup of MTLE patients and controls
* MTLE have difficulties at recognizing famous faces and learning visual stimuli

* Individuation of unfamiliar facesis quantitatively and qualitatively preserved in
MTLE

* Right MTLE patients are slowed down at al explicit tasks due to general factors



