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ABSTRACT 

Neuroimaging and intracranial electrophysiological studies have consistently shown the 

largest and most consistent face-selective neural activity in the middle portion of the human 

right lateral fusiform gyrus (‘fusiform face area(s), FFA). Yet, direct evidence for the critical role 

of this region in face identity recognition (FIR) is still lacking. Here we report the first evidence 

of transient behavioral impairment of FIR during focal electrical stimulation of the right FFA. 

Upon stimulation of an electrode contact within this region, subject CJ, who shows typical FIR 

ability outside of stimulation, was transiently unable to point to pictures of famous faces among 

strangers and to match pictures of famous or unfamiliar faces presented simultaneously for 

their identity. Her performance at comparable tasks with other visual materials (written names, 

pictures of buildings) remained unaffected by stimulation at the same location. During right 

FFA stimulation, CJ consistently reported that simultaneously presented faces appeared as 

being the same identity, with little or no distortion of the spatial face configuration. Independent 

electrophysiological recordings showed the largest neural face-selective and face identity 

activity at the critical electrode contacts. Altogether, this extensive multimodal case report 

supports the causal role of the right FFA in FIR.  
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1. INTRODUCTION 

The ability to recognize the identity of people from their faces is a key function of the 

human brain that subtends most of our daily social interactions. The neural basis of human 

face identity recognition (FIR) has been extensively investigated but remains incomplete and 

debated. Lesion studies of neurological patients with FIR impairment – often reported as cases 

of prosopagnosia - have most consistently identified brain damage in regions of the ventral 

occipito-temporal cortex (VOTC), with a right hemispheric dominance (Meadows 1974; 

Bouvier and Engel 2006; Barton 2008; Tranel et al. 2009; Cohen et al. 2019). Neuroimaging 

and intracranial EEG studies have showed an extensive bilateral VOTC network of regions 

responding preferentially to faces over non-face objects (i.e., face-selective regions), also with 

a right hemispheric dominance (Grill-Spector et al. 2017; Rossion et al. 2018 for reviews). 

Within this network, the lateral portion of the right middle fusiform gyrus (LatMidFG), a 

hominoid-specific structure (Bryant and Preuss 2018), shows the highest and most consistent 

face-selective signal in neuroimaging (i.e., the so-called “Fusiform Face Area”, FFA, or pFus-

faces and mFus-Faces; Kanwisher et al. 1997; Kanwisher and Yovel 2006; Rossion et al. 

2012; Zhen et al. 2015; Grill-Spector et al. 2017; Gao et al. 2018; Chen et al. 2022) and 

intracranial EEG studies (Jonas et al. 2016; Jacques et al. 2022).  

Neuroimaging studies measuring repetition suppression (or adaptation) effects for 

(usually unfamiliar) pictures of facial identities have reported significant effects in the face-

selective LatMidFG (i.e., FFA), sometimes with a right hemispheric predominance (Gauthier 

et al. 2000; Schiltz and Rossion 2006; Gilaie-Dotan et al. 2010; Ewbank et al. 2013; Hermann 

et al. 2017; Hughes et al. 2019). A recent large-scale intracranial EEG study found individual 

unfamiliar face discrimination responses largely distributed across the bilateral VOTC, with the 

largest activity in the right LatMidFG (Jacques et al. 2020). However, these studies supporting 

the role of the (right) face-selective LatMidFG in FIR cannot inform on the causal role of this 

region for this function. Interestingly, while the right LatMidFG is often damaged in reported 
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cases of prosopagnosia, it is also entirely spared in many cases (e.g., Rossion, Caldara, et al. 

2003; Bouvier and Engel 2006; e.g., 15 cases out of 44 in Cohen et al. 2019). 

Direct electrical stimulation (DES) performed in epileptic patients implanted with 

intracranial electrodes for clinical reasons can temporarily disrupt the function(s) of a 

stimulated brain region, allowing to observe behavioral consequences in real-time (Jonas and 

Rossion 2023). Early studies reported disruption of famous face naming during VOTC 

stimulation in several individuals, albeit with a left hemispheric dominance and no specific 

localization relative to fMRI-defined face-selectivity (Allison et al. 1994; Puce et al. 1999). Over 

the last decade, DES studies targeting specifically the right LatMidFG have reported face-

related perceptual changes, i.e., changes in the phenomenological experience of the face 

stimulus, usually the experimenter’s face in front of the patient or a presented picture (Parvizi 

et al. 2012; Rangarajan et al. 2014; Schalk et al. 2017; Jonas et al. 2018; Schrouff et al. 2020; 

Sanada et al. 2021; see also Mundel et al. 2003). However, to date, while several cases of 

behavioral FIR impairment have been reported upon stimulation of other right hemispheric 

VOTC face-selective regions (i.e., in the inferior occipital gyrus: Jonas et al. 2012, 2014; the 

anterior fusiform gyrus: Jonas et al. 2015; Volfart et al. 2022), no objective (i.e., behavioral) 

FIR impairment has been reported upon intracranial stimulation of the (right) LatMidFG (see 

the review of Jonas and Rossion 2021). As a matter of fact, the well-known case of Parvizi et 

al. (2012), who experienced spectacular perceptual distortion of the spatial configuration of 

presented faces (‘metamorphopsia’), showed no effect of DES on behavioral performance at 

naming pictures of celebrities during right FFA stimulation. 

Here we report the case of subject CJ in which DES of the face-selective right LatMidFG 

(i.e., FFA) elicits a transient FIR impairment, filling a gap in the scientific literature and providing 

original evidence for the causal role of this region in FIR. In terms of subjective reports, CJ, 

documented with typical FIR ability outside of stimulation, consistently reported that “all 

presented faces looked the same” upon focal right LatMidFG stimulation. Her impairment, 

including its specificity to faces, is objectively quantified with a variety of behavioral tasks 
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including famous face and unfamiliar face matching, and famous face pointing among 

distractors. Complementary fMRI recordings, as well as face-selective, unfamiliar face 

discrimination and famous face identity electrophysiological measures on the critical contacts 

altogether provide unique evidence for a critical role of the right LatMidFG in human FIR.  

2. MATERIALS AND METHODS 

Note that with the exception of the localization of implanted electrodes, the methodology 

described below has been fully described recently in another recent case study with stimulation 

applied to a different brain region, i.e., the right anterior fusiform gyrus (Volfart et al. 2022). 

2.1 Case description 

The subject is a right-handed 43-year-old woman (CJ) with refractory focal epilepsy. She 

underwent SEEG in May 2019 as part of the clinical investigation for her epilepsy. Following 

SEEG exploration, two independent epileptic foci were found in right and left medial temporal 

lobes and therefore subject CJ was contraindicated for a resection surgery.  

Patient CJ gave written consent for the experimental procedures that were administered 

during her SEEG exploration and that were part of the clinical investigation (REUNIE, trial N° 

2015-A01951-48, approved by the local ethical committee CPP Est III, N°16.02.01). She also 

gave written consent for the fMRI experiment and the use of video material.   

2.2 Neuropsychological assessment 

2.2.1 General assessment 

Subject CJ had a general intellectual efficiency in the high average (total IQ: 119; WAIS-

IV, Wechsler 2008). Her neuropsychological assessment showed normal performance in 

naming (DO80 naming test, Deloche and Hannequin 1997), processing speed (subtest Code, 

WAIS-IV) and short-term memory (subtest Digit span, WAIS-IV). In line with the location of her 

epileptogenic foci in the medial temporal lobes, she had below normal performance in learning 

and retrieving verbal information from memory (French adaptation from the Buschke Selective 
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Reminding Test, Buschke 1973; Rectem et al. 2004). However, she had normal performance 

with non-verbal information (Brief Visuospatial Memory Test-Revised, Benedict 1997). CJ 

never complained of FIR difficulties in daily life, nor during or after epileptic seizures.  

2.2.2 Face identity recognition 

We conducted a series of behavioral tests outside the SEEG procedure to specifically 

assess the performance of CJ in face/object recognition. These tests included: (1) the Benton 

Facial Recognition Test (BFRT: Benton et al. 1983; electronic version, BFRT-c: Rossion and 

Michel 2018) in which the participant has to match a target face with other images of the same 

face varying in lighting and head orientation (all images are presented simultaneously); (2) a 

face and car delayed matching task at upright and inverted orientations (experiment 4 in 

Busigny and Rossion 2010) in which the participant is first presented with a target face or car 

picture and then with two face or car probes, and is asked to indicate which of two probes is 

the same exemplar as the target; (3) a famous and unfamiliar face simultaneous matching task 

at upright and inverted orientations in which the participant is shown a famous or unfamiliar 

face picture at the top of the screen and two famous or unfamiliar probes below, and is asked 

to indicate which of the probes on the bottom is the same as the target face; (4) a face memory 

task (administered immediately after the famous and unfamiliar face matching task) in which 

the participant is presented with two faces on the screen (one of them corresponding to a face 

that was presented in the face matching task), and is asked to indicate which of the two faces 

was previously seen; (5) a famous face pointing task in which the participant sees three faces 

in a row (one of these faces is famous while the two others are unfamiliar distractors), and has 

to indicate which face is famous; (6) a famous name pointing task, a task similar to the famous 

face pointing task, except that a famous name and two unfamiliar fictional names are 

presented instead of faces (see all methods in Supplementary Information). All tasks were 

administered through E-Prime 2.0 on a 60 Hz screen, at a distance of about 60 cm. Five control 

participants (matched on gender, age, handedness and educational level) performed the same 

tests. To compare the results of CJ to the control participants, we used the modified t-test of 
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Crawford and Howell for single-case studies (Crawford and Howell 1998) with a p value < 0.05 

(one-tailed) considered as statistically significant.  

The results are shown in Supplementary Table S1. CJ performed in the normal range 

at all identity matching tasks with upright faces (and non-face objects), both in accuracy and 

response times (RT). At the BFRT-c, she scored in the normal range (>41) although there was 

a non-significant trend towards a lower score than the controls tested here (42 vs. 48.2 ± 2.8; 

p = 0.057). However, CJ was numerically faster than average to perform the test (234s vs. 

363s ± 128; p = 0.205) so that and her inverse efficiency score (RT/Acc) did not differ from 

controls (5.6 vs. 7.5 ± 2.7; p = 0.278). 

2.3 Stereotaxic placement of intracerebral electrodes 

Intracerebral electrodes (Dixi Medical, Besançon, France) were stereotaxically 

implanted into CJ’s brain in order to delineate the seizure onset zone (Talairach and Bancaud 

1973). The implantation procedure is detailed in Salado et al. (2017). The sites of electrode 

implantation were determined based on non-invasive clinical data collected during an earlier 

phase of the investigation. Fifteen electrodes were implanted in total, targeting both the left 

and right temporal lobes (7 in the left, 8 in the right). Thirteen standard electrodes had macro-

contacts only (DixiMedical, Besançon, France), and two electrodes were macro-micro 

electrodes, i.e., electrodes with macro-contacts modified to include microwires at their end (Ad-

Tech, Oak Creek, USA). Electrode F (macro-micro electrode) targeted the right LatMidFG 

(Figure 1). There was no electrode implanted in the LatMidFG of the left hemisphere. This 

article will focus on stimulations and recordings performed with macro-contacts only (n=147 

implanted in total).  

The SEEG signal was recorded at a 2 kHz sampling rate on a 256-channel amplifier 

(Cervello, Blackrock Microsystems, USA). The reference electrode during data acquisition was 

a midline prefrontal scalp electrode (Fpz). 
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Figure 1. Anatomical location of electrode F (in red) in sagittal, horizontal and coronal MRI 

slices. 

 

2.4 Intracranial electrical stimulations 

2.4.1 General procedure 

Intracerebral electrical stimulations were applied at 1.2 mA between two adjacent 

contacts of electrode F as biphasic square wave electrical pulses with 1050 µs width 

(alternating positive and negative 500 µs phases, spaced from each other by 25 µs) delivered 

at 55 Hz during 5 s (except for 7 out of 47 stimulation sessions, see below). These stimulation 

parameters are typical in SEEG (Trébuchon and Chauvel 2016; Isnard et al. 2018; Ritaccio et 

al. 2018; So and Alwaki 2018; Grande et al. 2020; Aron et al. 2021) and were also used in our 

previous reports eliciting transient FIR impairments (Jonas et al. 2012, 2015, 2018; Volfart et 

al. 2022). CJ was not aware of the exact stimulation onset, duration and termination (no pain 

during stimulation, no click sound at onset, etc.). She was never made aware of the stimulation 

site or the nature of the impairments that could be potentially elicited during electrical 

stimulations. The neurologist (JJ) performed all electrical stimulations and set the stimulation 

site, the stimulation parameters, the task, and stimulation the onset of the stimulation. Several 



 

9 
 

experimenters were present in the patient’s room during stimulation, including authors AV and 

BR. 

During electrical stimulation sessions, CJ was asked to perform several types of 

behavioral tasks involving images of faces, objects, buildings and written names: pointing to 

famous faces and names (Figure 2A), naming famous faces and buildings, and matching 

famous or unfamiliar faces for their identity (Figure 2B). Considering the limited amount of 

testing time afforded by the clinical context, we first identified the relevant electrode contacts 

for FIR using one task (pointing to a famous face among three choices, i.e., famous face 

pointing task) and then further tested these contacts with the remaining tasks. Since we found 

a FIR impairment with the famous face pointing task when stimulating the first electrode tested, 

i.e., electrode F, we focused on this electrode to maximize the number of relevant tasks and 

trials. 
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Figure 2. A. Schematic representation of the stimulation procedure for the famous face and 

name pointing tasks performed during electrical stimulation (see also Volfart et al. 2022, in 

which the same tasks were used in another case study). A trial consisted in 3 pictures of faces 

or written names presented next to each other, with always one famous and two unfamiliar 
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identities. CJ had to point to the famous item, before, during (5 s) and after the electrical 

stimulation of two adjacent intracerebral contacts. Here an error is illustrated during 

stimulation, with correct performances before and after stimulation. Note that there was often 

more than one trial presented before, during and after stimulation (Supplementary Table S2). 

B. Schematic representation of the stimulation procedure for the famous and unfamiliar face 

matching tasks performed during electrical stimulation. Each trial consisted of three face 

photographs organized in two rows, with a target on top and two probes on the bottom: one 

being another picture of the target identity and the other one being a picture of another identity. 

CJ had to point to the probe matching the face on top, before, during and after the electrical 

stimulation of two adjacent intracerebral contacts. Again, there was often more than one trial 

presented before, during and after stimulation (Table S2). Note that the pictures used in this 

figure were not those used in the original paradigm for copyright reasons (copyright information 

for the pictures shown here are available in Supplementary Information). 

 

The stimulations sites, the number of stimulation sessions performed at each stimulation 

site and type of task used will be presented in the results section. Below, we describe the 

different face and non-face tasks performed during stimulation sessions. For each stimulation 

and task, we measured accuracy before, during and after stimulation both online and 

retrospectively with the video recordings. A trial was considered as failed if CJ either produced 

an erroneous response or did not reply. To assess a significant effect of the stimulation, we 

compared accuracy rates during stimulation time versus accuracy rates outside of stimulation 

(i.e., before and after stimulation) across stimulation sessions for each site and each task using 

chi square tests (p < 0.05).  

2.4.2 Famous face and famous name pointing tasks 

These tasks were the same as those used outside the SEEG procedure (see 

Neuropsychological assessment section). They have been described and used in a previous 

case (DN) of transient FIR impairment with stimulation in the right anterior fusiform gyrus 

(Volfart et al. 2022) and validated in a well-known case of prosopagnosia (PS; see Rossion 

2022). During the neuropsychological assessment, CJ’s accuracy at these two tasks was 

100% (Table S1). 
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The trials consisted in 3 faces or written names presented side-by-side, with always one 

famous identity and two unfamiliar identities (Figure 2A; Video S1). The famous identity was 

the same across categories (faces and names). The unfamiliar identities were either faces of 

foreign famous identities not known by French people or phonologically-similar fictional names. 

Face images were 5.7 cm wide by 7.7 cm high; written names ranged from 2.1 to 5.6 cm in 

width, and from 0.4 to 1.3 cm in height. For each stimulation session, the subject was 

presented with a set of 6 to 10 trials of the same category (faces or names), presented one by 

one (leading to, e.g., a total of 22 trials, 7+6+9, for stimulation of F1-F2 during the famous face 

pointing task, across 3 sessions; see Results section). CJ had to point to the famous face or 

name in turn. 

In total, CJ was presented with 122 face trials (across 16 stimulation sessions): 37 

before, 39 during and 46 after electrical stimulation (since the stimulus set consisted in 50 

different face trials, several face trials were repeated across stimulation sessions). CJ was also 

presented with 34 name trials (across 5 stimulation sessions): 14 before, 16 during and 4 after 

electrical stimulation.  

Immediately after 5 stimulation sessions that elicited a FIR impairment (out of 7: 1 on F1-

F2, 2 on F2-F3 and 2 on F3-F4), the subject was presented with the missed trials (no response 

or error) and asked to perform the task again (Video S1). These trials were not included in any 

analysis. 

Note that 5 stimulation sessions with the face pointing task were performed with different 

stimulation settings (1 mA instead of 1.2 mA).  
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2.4.3 Famous and unfamiliar face matching tasks 

This task was the same as the famous and unfamiliar face simultaneous matching task 

administered during neuropsychological assessment before the SEEG procedure, except that 

only upright faces were presented. CJ’s performance at this task during the neuropsychological 

assessment was 95.5% for famous faces and 100% for unfamiliar faces (Table S1). Each trial 

consisted of three face photographs organized in two rows, with a target on top and two probes 

below, one of the probes being another photograph of the target identity and the other probe 

being a photograph of another identity (Figure 2B; Videos S2 and S3). Face images were 7 

cm wide by 9 cm high. CJ had to match the probe with the target by pointing to the correct 

face. For each stimulation session, CJ was presented with 6 to 9 trials from the same category 

(famous faces or unfamiliar faces), presented one by one. 

2.4.4  Famous face and famous building naming 

Stimulations were also carried out during recognition of sets of images of the same 

category presented one by one (famous faces or famous buildings). CJ had to name each 

image in turn. Face images were 13.4 cm wide by 15 cm high; famous building images 

measured between 9.3 and 15.7 cm wide, and between 9.8 and 12.5 cm high. For each 

stimulation session, the subject was presented with a set of 1 to 9 trials of the same category 

(faces or buildings), presented one by one.  

In total (across 6 stimulation sessions with faces and 4 with buildings), the subject was 

presented with 29 famous faces (10 during electrical stimulation, 14 before and 5 after) and 22 

famous buildings (8 during, 7 before and 7 after). Given that the famous face and the famous 

building sets consisted in 50 and 14 items, respectively, some items were repeated across 

stimulation sessions. Note that two stimulation sessions with the famous face naming task 

were performed with different stimulation parameters (1 mA for 10 s instead of 1.2 mA for 5 s).  
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2.5 Fast periodic visual stimulation: intracerebral responses 

2.5.1 FPVS paradigms: stimuli and procedure  

Well-validated fast periodic visual stimulation (FPVS) (or “frequency-tagging”; see Norcia 

et al. 2015; Rossion et al. 2020) paradigms were used to identify face-selective contacts and 

contacts sensitive to unfamiliar face discrimination and famous face identity recognition 

(Figure 3, see also Supplementary Information for all methodological details).  

Face-selective neural activity was recorded with 70-seconds sequences of variable non-

face object images presented at 6 Hz while inserting periodically (every 5 images; i.e., 1.2 Hz) 

widely variable natural images of face stimuli (Face Categorization experiment, Figure 3A). 

This paradigm was run exactly as in intracerebral recording group studies (e.g., Jonas et al. 

2016; Hagen et al. 2020). Unfamiliar face discrimination neural activity was recorded with a 

paradigm presenting the same unfamiliar face identity at a fast 6 Hz rate while periodically 

inserting (every 9 images; i.e., 0.666 Hz) different unfamiliar face identities (Unfamiliar Face 

Discrimination experiment; Liu-Shuang et al. 2014a; Rossion et al. 2020; Figure 3B). Faces 

were presented either at upright or inverted orientation in separate sequences as in Jacques 

et al. 2020, except for the periodicity of identity change (1/9 instead of 1/5). Finally, responses 

reflecting sensitivity to famous face identity were recorded by presenting variable images of 

unfamiliar faces also at 6 Hz, with different exemplars of the same famous identity appearing 

every 9 stimuli (0.666 Hz) (Famous Face Identity experiment; Zimmermann et al. 2019; Figure 

3C). During these FPVS paradigms, CJ fixated a small black cross presented continuously at 

the center of the stimuli and had to detect brief color-changes of this fixation cross, so that 

neural responses were measured without explicit task. 
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Figure 3. FPVS experiments. A. Face Categorization paradigm used to define face-selective 

neural activity (Rossion et al. 2015). Natural images of objects are presented at 6 Hz with  

sinusoidal contrast-modulation. Face images appear every 5 stimuli, so that the face-selective 

frequency is 1.2 Hz (i.e., 6 Hz / 5). B. Unfamiliar Face Discrimination paradigm used to 

measure sensitivity to unfamiliar face individuation (Liu-Shuang et al. 2014; Rossion et al. 

2020). Cropped images of the same unfamiliar face identity, randomly varying in size, are 

presented at 6 Hz. Different unfamiliar face identities are inserted every 9 stimuli (frequency of 

identity change of 0.666 Hz, i.e., 6 Hz / 9). Faces were presented either at upright or inverted 

orientation in separate sequences. C. Famous Face Identity paradigm used to measure 

sensitivity to individual famous faces (Zimmermann et al. 2019). Natural images of unfamiliar 

faces are presented at 6 Hz. Different images of a single famous identity appear every 9th 

stimulus (in this example, the former French president, Nicolas Sarkozy), at a frequency of 

0.666 Hz. 
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2.5.2 Frequency-domain analyses in the low-frequency bands  

Preprocessing. Analyses were carried out using Letswave 5, with a similar procedure 

as in recent reports (e.g., Lochy et al. 2018; Hagen et al. 2020; Jacques et al. 2020; Volfart et 

al. 2022). Portions of SEEG recordings corresponding to FPVS sequences were extracted 

using segments exceeding the actual visual presentation length (74-second segments, -2 s to 

+72 s). These segments were then cropped to an integer number of cycles beginning after the 

2 s fade-in and ending before the 2 s fade-out (Face Categorization = 131,666 bins; Unfamiliar 

Face Discrimination = 129,012 bins; Famous Face Identity = 129,012 bins). Sequences 

corresponding to the same condition were averaged in the time domain. A Fast Fourier 

Transform (FFT) was then applied to these averaged segments and amplitude spectra were 

extracted for all contacts.  

Identification of significant responses in the low-frequency bands. Face-selective, 

unfamiliar face discrimination or famous face identity responses significantly above noise level 

at the oddball stimulation frequency and its harmonics were determined in each condition as 

follows: (1) the FFT spectrum was cut into segments of 1 Hz centered at the target response 

frequencies (i.e., 1.2 Hz for the Face Categorization paradigm, 0.666 Hz for the Unfamiliar 

Face Discrimination and Famous Face Identity paradigms) and harmonics, until the last 

harmonic before 6 Hz base frequency: 4 harmonics for the Face Categorization paradigm (as 

in Jonas et al. 2016; Hagen et al. 2020), 8 harmonics for the Unfamiliar Face Discrimination 

and Famous Face Identity paradigms; (2) the amplitude values of these FFT segments were 

summed (Retter and Rossion 2016; Retter et al. 2021); (3) the summed FFT spectrum was 

transformed into a Z-score by computing the difference between the amplitude at the target 

frequency bin and the mean amplitude of 48 surrounding bins (25 bins on each side, i.e., 50 

bins, excluding the first bin directly adjacent to the bin of interest, i.e. 48 bins) divided by the 

standard deviation of amplitudes in the corresponding 48 surrounding bins (see also Lochy et 

al. 2018). A contact was considered as showing a significant response in a given condition if 

the Z-score at the target frequency bin exceeded 3.1 (i.e., p < 0.001). 
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Quantification of responses amplitude in the low-frequency bands. Baseline-

corrected amplitudes in microvolts (V) were computed as the difference between the 

amplitude at each frequency bin and the average of 48 corresponding surrounding bins (25 

bins on each side, i.e., 50 bins, but excluding the 2 bins directly adjacent to the bin of interest, 

i.e., 48 bins). The target responses were then quantified at each contact as the sum of the 

baseline-subtracted amplitude across harmonics (Retter and Rossion 2016). The range over 

which frequency harmonics were summed extended from the 1st until the 14th harmonics (from 

1.2 to 16.8 Hz) for the Face Categorization paradigm, excluding the 5th and 10th harmonics 

that coincided with the base frequency  (Jonas et al. 2016; Hagen et al. 2020), and from the 

1st to the 10th (from 0.666 to 6.666 Hz), excluding the 9th harmonic that coincided with the 

base frequency (the 10th harmonic corresponded to the last consecutive harmonic with a Z 

score > 3.1 across all contacts implanted in CJ’s brain for these two paradigms) for the 

Unfamiliar Face Discrimination and Famous Face Identity paradigms.  

Statistical comparison between upright and inverted response amplitudes. For 

the Unfamiliar Face Discrimination, we statistically compared the amplitudes of the target 

responses at the upright and inverted conditions on each contact. To do so, the upright and 

inverted summed FFT segments were subtracted from one another (upright – inverted) and 

transformed into a Z-score. A contact was considered as showing a larger amplitude at the 

upright than in the inverted condition if the Z-score at the target frequency bin exceeded 3.1 

(i.e., p < 0.001, one-tailed: upright>inverted).  

2.5.3 Frequency-domain analyses in the high-frequency bands (“gamma 

activity”) 

Even though face-selective neural responses in low- and high-frequency bands largely 

overlap spatially (Jacques et al. 2022), we also examined these responses in high-frequency 

broadband activity (i.e., between 30 and 160 Hz, “gamma activity”) which are thought to reflect 

population-level neuronal firing, to correlate with BOLD activity and to reflect more local neural 

activity (e.g., Niessing et al. 2005; Hermes et al. 2012; see also Jacques et al. 2022). Event-



 

18 
 

related spectral perturbations (ERSP) were computed using Letswave 5 similarly to what was 

reported in Jacques et al. 2022. Variation in signal amplitude as a function of time and 

frequency was estimated by a Morlet wavelet transform on each SEEG segment from 

frequencies of 1 to 160 Hz, in 2 Hz increments. The number of cycles (i.e., central frequency) 

of the wavelet was adapted as a function of frequency from 2 cycles at the lowest frequency 

to 9 cycles at the highest frequency. The wavelet transform was computed on each time-

sample and the resulting amplitude envelope was downsampled by a factor of 12 (i.e., to a 

166.6 Hz sampling rate). Amplitude was normalized across time and frequency to obtain the 

percentage of power change generated by the stimulus onset relative to the mean power in a 

pre-stimulus time-window (-1600 ms to -300 ms relative to the onset of the stimulation 

sequence). Then, the amplitude was averaged across frequencies (between 30 Hz and 160 

Hz), the high-frequency broadband envelopes corresponding to the same condition were 

averaged in the time domain, and the frequency content of the high-frequency broadband 

envelope was transformed using a Fast Fourier transform. 

Significant responses in the high-frequency bands were detected similarly as for the 

low-frequency bands: (1) the FFT spectrum was cut into 1 Hz segments centered at the target 

response frequencies (i.e., 1.2 Hz) and 4 harmonics; (2) the amplitude values of these FFT 

segments were summed; (3) the summed FFT spectrum was transformed into a Z-score. Z-

scores were computed as the difference between the amplitude at the oddball frequency bin 

and the mean amplitude of 48 surrounding bins (25 bins on each side, i.e., 50 bins, excluding 

the first bin directly adjacent to the bin of interest, i.e., 48 bins) divided by the standard deviation 

of amplitudes in the corresponding 48 surrounding bins. A contact was considered as showing 

a significant face-selective response if the Z-score at the target frequency bin exceeded 3.1 

(i.e., p < 0.001). 

The quantification of amplitudes was done similarly as for responses in the low-

frequency bands, i.e., summing amplitudes from the 1st to the 12th harmonic (excluding the 5th 

and 10th harmonics that coincided with the base frequency).   
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2.6 Face-selectivity: fMRI 

We localized face-selective regions with a Fast Periodic Stimulation fMRI paradigm (Gao 

et al. 2018, see Supplementary Information), which provides with identification of the same 

regions as conventional fMRI paradigms with substantial advantages in sensitivity, specificity 

and objectivity of definition of face-selective neural responses (Gao et al. 2018, see also Gao 

et al. 2022). CJ was tested with fMRI about two months after the SEEG procedure. Natural 

non-face object images were presented at a fixed rate of 6 Hz (i.e., 6 images by second). Mini 

face “bursts” with a duration of 2.167 s were embedded every 9 s (i.e., 1/9 = 0.111 Hz). Each 

burst consisted of a set of seven natural face images interleaved with six object to avoid 

potential neural adaptations to consecutive face images. The face burst created direct contrast 

between face and non-face objects. Therefore, a neural response measured exactly at 0.111 

Hz reflects a selective and reliable response to the face stimuli. Each fMRI sequence (run) 

lasted 426 s of 44 cycles of mini face burst appearing at every 9 s (including a 15 s baseline). 

CJ was tested with two functional localizer runs. To measure the magnitude of the face-

selective responses at the stimulation frequency of 0.111 Hz, we extracted the amplitude 

spectrum from the preprocessed BOLD time series with a Fast Fourier Transform (FFT) (see 

Supplementary Information, and all methods as in Gao et al. 2018). 

For result visualization, the functional activation map was coregistered to the high-

resolution T1-weighted image (AC-PC plane aligned) using SPM 

(https://www.fil.ion.ucl.ac.uk/spm/). To assess the spatial relationship between face-selective 

activations and intracerebral electrodes, we further extracted the electrode contact coordinates 

by fusing the T1-weighted image with the post-operative CT-scan. 

3. RESULTS 

3.1 Overview of the experimental plan 

In subject CJ, intracerebral electrical stimulations were applied between two adjacent 

intracerebral contacts while she was tested with a set of various tasks, including a famous face 
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pointing task (and its famous name counterpart) and famous or unfamiliar face matching tasks 

that did not require any verbal output (Figure 2A and B). Importantly, outside the SEEG 

procedure, CJ’s performance on all these pointing/matching tasks was at, or close to, ceiling 

(95% to 100%, Table S1).  

Considering the limited amount of time afforded by the clinical context, we first identified 

the relevant electrode contacts for FIR with the famous face pointing task (which allows to test 

CJ’s FIR ability without requiring any verbal output) and then further tested these contacts with 

the remaining tasks. Since we found a FIR impairment when stimulating the first electrode 

tested, i.e., electrode F (Figure 1), we focused on this electrode to maximize the number of 

tasks and trials. Independently of the electrical stimulation sessions, we identified face-

selective contacts and contacts sensitive to unfamiliar face discrimination and famous FIR 

using well-validated FPVS paradigms during SEEG recordings (Figure 3, see also 

Supplementary Information for all methods details). Finally, we localized face-selective 

regions in fMRI with a Fast Periodic Stimulation fMRI paradigm performed two months after 

the SEEG procedure. 

3.2 Stimulating the right lateral fusiform gyrus elicits transient FIR 

impairment 

The stimulations sites, the number of stimulation sessions performed at each stimulation 

site and type of task used are presented in Figure 4 (see also Table S2). Reproducible 

transient FIR impairments were elicited when electrical stimulation involved the right LatMidFG 

across multiple stimulation sessions and tasks (bipolar stimulations of contacts F1-F2, F2-F3 

and F3-F4; Talairach coordinates: x: 30 to 37, y: -41 to -47, z: -14.9; Figures 4 and 5A; Table 

S2).  
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Figure 4. Summary of the behavioral results obtained during electrical stimulation performed 

in CJ’s right fusiform gyrus. For each stimulation site and task, the number of stimulation 

sessions (e.g., top left:  3 stimulations, i.e., n.3), as well as the number of trials across 

stimulations before (B), during (D) and after (A) stimulation, are indicated (e.g., top left: 7 

trials before stimulation on F1-F2, 6 during stimulation, and 9 after stimulation; two trials 

were failed during stimulation, i.e., 4/6 performance, so the accuracy decreased to 66.6% 

during stimulation). The asterisks indicate a significant accuracy difference between the 

stimulation period and outside stimulation (before and after periods merged together) as 

assessed by chi square tests. Note that during the famous face naming tasks, CJ’s 

performance was close to normal (1 error only for F2-3 stimulation), but she experienced 
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substantial changes of the face percept in two trials in which she provided a correct answer 

(one on F2-3 and one on F3-4 stimulation; see main text). 

 

 

Figure 3. Anatomical and functional location of the stimulation sites inducing transient FIR 

impairment in CJ. A. Anatomical location of electrode F (in red) in sagittal, axial and coronal 

MRI slices. The electrode contact associated with the most consistent FIR impairment upon 

electrical stimulation was F3, located in the lateral portion of the middle fusiform gyrus 

(LatMidFG). B. Face-selective intracerebral responses recorded on electrode F (Face 
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Categorization paradigm; Jonas et al., 2016) in the low-frequency bands (LFB, above) and 

high-frequency bands (HFB, below). These responses were quantified by first segmenting the 

baseline-corrected FFT spectrum into 12 segments centered at the face frequency and its 

harmonics up to 16.8 Hz (i.e., 1.2, 2.4, 3.6, etc., removing the base frequency and its 

harmonics at 6 and 12 Hz). The 12 segments were then summed. The 0 mark corresponds to 

the face frequency. C. Intracerebral responses to unfamiliar faces recorded on electrode F in 

the low-frequency bands for both upright and inverted faces (Unfamiliar Face Discrimination 

paradigm; Liu-Shuang et al., 2014; Jacques et al., 2020). These responses were quantified 

similarly as for the Face Categorization experiment above, except that 9 harmonics were 

summed. D. Intracerebral responses to upright famous faces recorded on electrode F in the 

low-frequency bands (Famous Face Identity paradigm; Zimmermann et al., 2019; 9 harmonics 

here). (*) indicates significant responses at p < 0.001.  

 

In the famous face pointing task, CJ was asked to point to the famous face among 3 

faces (Figure 2A; Video S1). When electrically stimulating contacts F1-F2, F2-F3 and F3-F4, 

she was transiently impaired at pointing to the famous face (Figure 4). Her performance was 

at ceiling outside stimulation but dropped significantly during stimulation time (on F1-F2: 100% 

accuracy outside stimulation [16/16 trials] vs. 66.67% [4/6] during stimulation; χ(1) = 5.867, p 

= 0.015; on F2-F3: 100% accuracy outside stimulation [18/18 trials] vs. 16.67% [1/6] during 

stimulation; χ(1) = 18.3947, p < 0.001; on F3-F4: 100% accuracy outside stimulation [18/18 

trials] vs. 42.86% [3/7] during stimulation; χ(1) = 12.245, p < 0.001). During these impaired 

stimulation sessions, CJ repeatedly stated that the faces looked the same (see Video S1 for 

an example): “they were the same three faces”, “they had all the same face” (stimulation F1-

F2, number 1); “the two faces on the right side were the same”, “the face was smoother, as if 

his features was difficult to see”, “the facial features were more homogeneous, like a diagram” 

(stimulation F1-F2, number 31); “I did not see anyone I recognized”, “they all had the same 

face”, “I could not see one face different from the others” (stimulation F2-F3, number 2); “they 

were all the same, I did not see any difference between the three faces”, “they had all the same 

face” (stimulation F2-F3, number 32); “they were all the same”, “it was the same person”, “they 

all had the same face and it was a mix of the three” (stimulation F3-F4, number 33); “they were 
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all the same”, “they had all the same face” (stimulation F2-F3, number 32). For this last 

stimulation on F2-F3, she also reported seeing a slight physical distortion of the face: “they 

were all bearded, and one face was distorted: the eyes came out too much”. By contrast, when 

stimulating more laterally in the right MTG (contacts F4-5 and F5-6), there were no famous 

face pointing impairments (Figure 4; Table S2).  

After 5 stimulation sessions eliciting a FIR impairment, CJ was presented with the missed 

trials and asked to perform the task again. She readily pointed to the famous face identity, 

without errors (6/6 trials). These trials were not included in the analyses of performance (as 

reported in Figure 4). Also, immediately after each of these 5 stimulation sessions, she was 

asked to indicate verbally if these trials had been presented during the stimulation procedure. 

CJ was always able to remember the trials that were presented during the stimulation 

procedure (6/6, 100%) and correctly excluded the distractors (7/7, 100%).  

In the face identity matching task, CJ had to match a target face with another photograph 

of the same identity, using either famous or unfamiliar faces (Figure 2B; Videos S2 and S3). 

For famous faces, upon electrical stimulation of contacts F2-F3 and F3-F4, CJ was unable to 

perform the task (no answer during stimulation, Figure 4; Table S2). CJ’s performance 

dropped significantly during stimulation time (on F2-F3: 100% accuracy outside stimulation 

[12/12 trials] vs. 0% [0/5] during stimulation; χ(1) = 17, p < 0.001; on F3-F4: 100% accuracy 

outside stimulation [9/9 trials] vs. 0% [0/4] during stimulation; χ(1) = 13, p < 0.001). It appears 

that CJ was unable to respond because, as she repeatedly stated, the faces looked the same 

to her (see Video S2 for an example): "I could not tell the difference between the two", "they 

were the same" (stimulation F2-F3, number 6); ”they were all the same”, “they were mixed” 

(stimulation F2-F3, number 36); "it was a mix of both, and both were identical" (stimulation F2-

F3, number 7); "It was twice the same face but a mix of both", “as if they had a child together” 

(stimulation F3-F4, number 37). For one stimulation session, she also hinted at slight changes 

of the face percept: “they all looked alike but they were weird”, “they looked aggressive and 

very much alike” (stimulation F2-F3, number 6). Stimulations performed outside of these two 
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critical sites (i.e., on F1-F2, F4-F5, F5-F6) did not elicit any famous face identity matching 

impairment (Figure 4; Table S2). However, note that for one stimulation session on F1-F2 in 

the right LatMidFG (number 5), CJ hesitated for two trials during stimulation but finally pointed 

out the correct faces. After stimulation, she stated: “all three were the same”, “I saw the three 

same faces”.  

Electrical stimulation of the same contacts F2-F3 and F3-F4 also elicited transient deficit 

at matching unfamiliar faces (Figure 4; Table S2). CJ’s performance dropped significantly 

during stimulation (on F2-F3: 100% accuracy outside stimulation [9/9 trials] vs. 0% [0/4] during 

stimulation; χ(1) = 13, p < 0.001; on F3-F4: 100% accuracy outside stimulation [10/10 trials] 

vs. 50% [2/4] during stimulation; χ(1) = 5.833, p = 0.016). As in previous stimulation sessions, 

she repeatedly stated that the faces looked the same (see Video S3 for an example): 

“everyone was the same”, “I didn’t see any difference between the three faces”, “the faces 

were coherent but similar” (stimulation F3-F4, number 40); “they were the same women” 

(stimulation F2-F3, number 39). For this last stimulation on F2-F3, she also reported a face 

distortion: “they were all the same, had huge teeth and were scary”. Stimulation sessions 

outside of these two critical sites did not elicit unfamiliar face identity matching impairment (on 

F1-F2 or F4-5; Figure 4; Table S2). 

Finally, we also asked CJ to perform a famous face naming task when stimulating 

electrode F. CJ failed only on one trial during stimulation of F2-F3 (no answer, with no visual 

perceptual change, Figure 4; Table S2). As a result, there was no statistical difference 

between her performance at naming faces outside and during stimulation (on F2-F3: 100% 

accuracy outside stimulation [5/5 trials] vs. 75% [3/4] during stimulation; χ(1) = 1.406, p = 

0.236). However, since we observed that CJ sometimes hesitated before giving the correct 

name during stimulation, we measured her response times (RTs) for F1-F2, F2-F3 and F3-F4 

stimulations. Across these three stimulation sites, her mean RTs were twice higher during 

stimulation (mean RTs across 5 trials: 1574 ± 1072 ms) than outside stimulation (mean RTs 

across 12 trials: 786ms ± 223). However, due to the small number of trials, this difference was 
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only marginally significant (t(15) = 1.630, p = 0.088; one-sided independent samples t-test with 

unequal variance). Moreover, for two trials during stimulation of F2-F3 and F3-F4 (1 trial each), 

CJ reported a substantial change of face percept that did not prevent her to state the correct 

name. She stated: “it was like there was another face, like if it wasn’t him on the other side of 

the face”, “this side (the left), it was not him”, “his eye wasn’t his eye”, “it was not shifted, it was 

tidy” (stimulation F2-F3, number 21);  “it seems like it is not his face”, “it was a coherent face, 

but the eyes were not the same”, "it was the same face but without wrinkles, smoother" 

(stimulation F3-F4, number 22). Stimulations of other F contacts did not evoke facial visual 

changes.  

3.3 Stimulating the right lateral fusiform gyrus induces the visual illusion 

that all faces look the same 

As indicated above, along with the objective behavioral impairment observed during 

stimulation of the right LatMidFG (stimulations of F1-F2, F2-F3 and F3-F4), CJ reported at 

least two types of subjective visual changes. The most frequent was an illusion that all faces 

looked the same (occurring in 14 out of 22 stimulation sessions performed with tasks involving 

several faces simultaneously, i.e., pointing and matching tasks, with 13 out of these 14 

stimulations eliciting at least one error during stimulation). Most of the time, CJ stated that she 

simply could not tell the differences between faces, but sometimes reported that faces looked 

alike because they were mixed. Occasionally, CJ also reported perceptual changes of a 

different nature (change of the face into another face, replacement of face parts, scary or 

aggressive expressions, for 5 out the 27 stimulation sessions with faces, irrespective of the 

task, with 3 out of these 5 stimulations eliciting at least one error during stimulation). With one 

slight exception perhaps (one trial during stimulation on F2-F3 with the famous face pointing 

task; one face was distorted, the eyes came out too much”), there was no change in the 

perception of the spatial configuration of the face(s). These two types of visual phenomena 

(faces looking the same and perceptual changes) were both reported during the same 

stimulation session on three occasions. When these two phenomena co-occurred, it was 
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always during tasks involving several faces (i.e., pointing or matching). Illusions that all faces 

looked the same were more frequently reported than other facial changes (14/22 stimulations 

sessions of the right LatMidFG, 63.6%, versus 5/27, 18.5%; χ(1) = 10.395, p = 0.001). 

3.4 Stimulating the right lateral fusiform gyrus does not impair non-face 

tasks 

We also tested stimulation of electrode F contacts during two non-face tasks: a famous 

name pointing task and a famous building naming task. Stimulating contacts F1-F2, F2-F3, F3-

F4 and F4-F5 did not evoke any impairment at naming famous buildings (Figure 4; Table S2). 

CJ immediately named all the buildings (100% of accuracy outside and during stimulation for 

each site, Figure 4) and, unlike for the face naming task above, did not report any change of 

percept nor show hesitation. For the famous name pointing task (Figure 2A), CJ performed 

correctly all trials, no matter the stimulation site and time period (Figure 4; Table S2), without 

reporting any visual perceptual changes.  

3.5 Face-selectivity of the critical stimulation sites 

The fMRI face localizer experiment revealed eight face-selective clusters in CJ’s occipito-

temporal cortex with a threshold of p < 0.001 (z-score > 3.09, uncorrected) and a minimum 

cluster size of 10 contiguous 2.5×2.5×2.5 mm3 voxels. The clusters were located bilaterally in 

the LatMidFG, lateral occipital complex (including the inferior occipital gyrus and lateral 

occipital cortex), and superior temporal sulcus (Figure 6A). In total, there were 212 significant 

voxels activated in the right hemisphere and 160 voxels in the left hemisphere. The largest 

cluster was located in the right LatMidFG, with 115 contiguous voxels above threshold. The 

Talairach coordinates of the peak SNR voxel (i.e., x = 38, y = -61, z = -12) in the right LatMidFG 

cluster were consistent with previous studies localizing it as the FFA (Kanwisher et al. 1997; 

Gao et al. 2018, 2019). Electrode F crossed this right LatMidFG cluster (Figure 6A). To 

examine the face-selective responses in each F contact, we created masks with a 1 mm radius 

from the center coordinates of each contact (see Supplementary Information; Figure 6B). 
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The fMRI face-selective activations overlapped well with multiple contacts of electrode F, 

including critical contacts F1, F3 (highest SNR) and F4.  

 

Figure 6. A. FMRI face-localizer using the Fast Periodic Stimulation approach (Gao et al. 2018; 

threshold of p < 0.001, z-score > 3.09, uncorrected) with electrode F electrode superimposed 

(in green). Here coordinates on the z-axis of the whole electrode F are those of contact F3 for 

all contacts to be displayed on the same axial slice. B. Frequency spectra of electrode F 

contacts (mask with 1 mm radius). Asterisks indicate significant face-selective response (z-

score > 3.09). 

 

In SEEG with FPVS paradigms, significant face-selective responses (p < 0.001) 

occurring exactly at 1.2 Hz and harmonics were found on contacts F2 to F5 in the low-

frequency bands (Figure 5B). Impressively, among all the 147 of intracerebral contacts 

implanted in subject CJ, the largest face-selective response amplitude was found on contact 

F3 in the right LatMidFG (Figure 7A). Other face-selective responses were found on contacts 

in the right and left ATL (8 contacts in each ATL region; see Figure 7A). Face-selective 

responses in HFB were found on contacts F1, F3 and F5, with the largest response - by far – 

also observed on F3 among all the 147 intracerebral contacts implanted in subject CJ (Figure 

5B). Significant responses in HFB were also found in left and right ATL (1 contact each).  In 



 

29 
 

sum, the largest face-selective responses, both for low- and high-frequency bands, were found 

on contact F3, that is the most critical contact during DES (Figure 4). 

 

Figure 7. Spatial distribution of intracerebral contacts in CJ’s VOTC and significant 

responses to three FPVS paradigms. A. Amplitudes of significant face-selective responses 

are plotted for the Face Categorization paradigm. B. Amplitudes of significant unfamiliar face 

discrimination responses. C. Amplitudes of significant famous face identity responses. 

Intracerebral contacts located in the VOTC are plotted in the native MRI space of CJ’s brain 

using a reconstructed cortical surface. Each circle represents a single intracerebral contact; 

white circles depict contacts with no significant response while colored circles indicate 

significant contacts and their respective baseline-corrected amplitude. Each electrode’s 

name is displayed on its outer side and contacts are numerically labelled, i.e., F1 is the most 

medial contact of electrode F and F6 is its most lateral contact. Contact F3 eliciting the 

strongest FPVS responses and the most reproducible electrical stimulation effects is 

highlighted in red.    

 

3.6 Are the stimulation sites located in a region sensitive to face identity? 

Unfamiliar face discrimination responses in the low-frequency bands were found in the 

upright condition on contacts F1, F2, F3, F4, F5 and F6 (Figure 5C), as well as on 2 contacts 

in the right ATL and 5 in the left (Figure 7B). Among all contacts implanted in subject CJ, the 

largest response amplitude was again found on contact F3. These responses were specific to 

upright faces, as no significant responses were found in the inverted condition on the very 

same contacts (Figure 5C). Subtracting responses in the inverted condition from responses in 
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the upright condition showed a strong and significant inversion effect on contacts F3, F4 and 

F5, as well as on one contact in the left ATL. Again, the largest (difference) amplitude (between 

upright and inverted faces) was found on contact F3.  

In the Famous Face Identity paradigm, significant responses were recorded on contacts 

F1, F2, F3 and F4 (Figure 5D), as well as on 5 contacts in the right ATL and 4 in the left. 

Among all F contacts, the largest response amplitude was again found on contact F3, which 

was the second largest amplitude among all implanted contacts overall (Figure 7C).  

Altogether, these results show that the stimulation sites evoking transient face identity 

recognition deficits (F1, F2, F3, F4) were located in a region sensitive to individual face identity. 

Moreover, and impressively, the electrode contact evoking transient FIR deficits with the 

highest reproducibility (F3) also recorded the largest face-selective amplitude, and the largest 

or second largest amplitude in the Unfamiliar Face Discrimination and Famous Face Identity 

paradigms, respectively.  

4. DISCUSSION 

For the first time to our knowledge, we show that DES to a face-selective region of the 

right LatMidFG in the human brain – a region usually dubbed the FFA – transiently impairs 

FIR. This objective behavioral effect almost systematically occurs when the patient subjectively 

perceives the simultaneously presented face pictures as being of the same identity. It is limited 

to a few contiguous electrode contacts in this region and is highly reproducible across a variety 

of tasks and stimuli (mostly nonverbal tasks such as pointing and matching for both familiar 

and unfamiliar face identities). Although clinical constraints prevented the testing of a wide 

range of non-face material (e.g., matching of similar visual object shapes for instance), the 

effect appears limited to faces, with preserved recognition of other visual entities (buildings, 

written names) upon stimulation (and no reported change of percept). Importantly, there is a 

striking correspondence between the location of the most critical DES contact and the peak of 

both fMRI and electrophysiological face-selectivity, as well as neural sensitivity to unfamiliar 
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and familiar face identity recognition. In summary, beyond lesion studies, and beyond 

numerous neuroimaging and intracranial electrophysiological studies that have singled out the 

contribution of this hominoid-specific region of the VOTC in dealing selectively with face stimuli, 

the present observations provide arguably the first direct evidence for the critical role of the 

right FFA in human FIR. 

4.1 The right lateral middle FG is critical for face identity recognition 

Neuroimaging (fMRI) studies, mainly relying on adaptation/repetition suppression 

paradigms, have shown that the FFA is involved in differentiating between face identities (e.g., 

Gauthier et al. 2000; Schiltz and Rossion 2006; Gilaie-Dotan et al. 2010; Ewbank et al. 2013; 

Hermann et al. 2017)1. These fMRI studies have often showed the strongest adaptation effects 

in this region, both for familiar and unfamiliar faces (e.g., Hermann et al. 2017), albeit with little 

evidence of a stronger effect in the right hemisphere (e.g., Davies-Thompson et al. 2013), and 

an exploration often limited to pre-defined face-selective regions of interest. A recent large-

scale intracerebral recording study with a frequency-tagging adaptation paradigm (as also 

used here) also showed the largest effect for discriminating pictures of unfamiliar faces in the 

right LatMidFG (Jacques et al. 2020). 

While these studies point to a clear contribution of the right FFA in FIR, i.e., beyond its 

sensitivity to faces as a category, its causal role has remained, surprisingly, unproven. Indeed, 

as mentioned in the introduction, lesion studies of cases of prosopagnosia or FIR impairments 

 

1 Studies using multivariate pattern analyses (MVPA) across voxels, without adaptation, have 

sometimes also successfully decoded different identities in this region (e.g., Nestor et al. 2011; Goesaert 

and Op de Beeck 2013; Tsantani et al. 2021). However, there is no reason to expect that different face 

identities should be discriminable reliably at the voxel resolution (containing millions of neurons in the 

human fusiform gyrus; see Chance et al. 2013). Hence, these effects are generally weak, inconsistent 

across studies and likely to merely reflect image-based differences (see the critical view of Rossion 

2014). 
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often but not always involve this region (see for instance the extensively documented case of 

prosopagnosia PS initially reported in Rossion et al. 2003, with a structurally intact right 

LatMidFG and normal level of face-selectivity in this region; Rossion 2022; see also Bouvier 

and Engel 2006; Cohen et al. 2019). In this context, it is important to stress that DES, one of 

the most efficient approaches to identify critical regions for cognitive functions, had not 

demonstrated causal involvement of the (right) LatMidFG in FIR before the present case. 

Previous DES studies with subdural electrodes (electrocorticography or ECoG) mostly 

reported subjective face perceptual changes (“face distortions”) without (behavioral) evidence 

of FIR deficits (Parvizi et al. 2012; Rangarajan et al. 2014; Schalk et al. 2017; Schrouff et al. 

2020; Sanada et al. 2021). While our research group has been performing DES in the human 

VOTC of implanted patients for more than a decade, prior to the present case, rare cases of 

objective FIR impairment (i.e., drop in FIR performance) have been observed during DES to 

other face-selective regions in the right hemisphere: the IOG (i.e., OFA; subject KV: Jonas et 

al. 2012, 2014) and the anterior portion of the fusiform gyrus (i.e., AntFG; subject CD: Jonas 

et al. 2015; subject DN: Volfart et al. 2022; for review see Jonas and Rossion 2021). Yet, in 

another case study (MB; Jonas et al. 2018), DES to the right FFA as performed here in CJ 

elicited subjective visual changes corresponding to face palinopsia, the patient perceiving 

features of a previously seen face superimposed on the currently presented face identity. This 

may be similar to some of the visual changes reported by the present case CJ, especially when 

the latter was presented with only one face at a time (i.e., during the face naming task; e.g., 

“his eye wasn’t his eye”). However, as in other cases of DES to the right FFA reported mainly 

by Parvizi and colleagues (Parvizi et al. 2012; Rangarajan et al. 2014), there was no evidence 

of a FIR impairment provided in this previous case (Jonas et al. 2018).  

The current case report therefore goes well beyond previous studies by showing, through 

an objective behavioral evaluation of performance during and outside stimulation, a critical role 

of the right face-selective LatMidFG, or right FFA, in FIR. Importantly, as shown also for the 

recently reported case DN stimulated in the AntFG (Volfart et al. 2022), most of the tasks used, 
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in fact those that led to the clearest deficits, did not require verbal output (famous face pointing 

task, famous face matching task, unfamiliar face matching task), ensuring that the transient 

impairment in FIR was not due to a deficit at accessing names (as it might have been in several 

early ECoG DES studies, often performed over the left LatMidFG; Allison et al. 1994; Puce et 

al. 1999).  

4.2 What is the role of the right LatMidFG in face identity recognition? 

The present case study of CJ provides evidence that the face-selective right LatMidFG 

plays a critical role in the ability to pick out the idiosyncratic visual cues that makes every face 

unique, regardless of whether this face identity has been previously encoded or not in memory. 

This claim rests on several elements. First, stimulating the right LatMidFG elicited a transient 

inability to match the identity of faces presented simultaneously, using famous and, more 

importantly, unfamiliar faces. Second, when stimulating the same sites, CJ was able to point 

out famous names among unfamiliar ones, excluding a general disruption of semantic memory 

or person recognition. Third, among all implanted contacts, those evoking the transient FIR 

impairment recorded the largest FPVS unfamiliar face discrimination responses (as also found 

at the group level; Jacques et al. 2020). Fourth, whenever she was transiently impaired at 

performing the FIR task, subject CJ consistently (i.e., 13 out of 14 stimulation sessions) 

reported the visual illusion that “all faces looked the same”. We hypothesize that the loss of 

the behavioral ability to discriminate different faces identities resulted from this perception that 

all faces look the same. This subjective report is similar to a patient with an undefined lesion 

in the right LatMidFG describing an inability to distinguish between faces as part of her epileptic 

aura, this aura being reproduced by electrically stimulating with subdural electrodes over the 

right LatMidFG brain lesion (Mundel et al. 2003).  

As noted above, this view of the right LatMidFG as playing a critical role in individuating 

faces is supported by fMRI studies showing adaptation effects with pictures of unfamiliar faces 

(e.g., Gauthier et al. 2000; Gilaie-Dotan et al. 2010; Ewbank et al. 2013; Hermann et al. 2017; 

Kovács 2020), intracerebral recordings showing the largest FPVS unfamiliar face 
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discrimination responses in the right LatMidFG among all VOTC regions (Jacques et al. 2020), 

as well as studies showing a lack of such adaptation effects in this region in cases of 

prosopagnosia (Schiltz et al. 2006; Dricot et al. 2008; see also Steeves et al. 2009). Further 

neuroimaging studies have provided evidence that this region is specifically involved in 

holistic/configural representation of face identity (i.e., face identities being represented as 

integrated wholes rather than as a collection of independent features; e.g., Yovel and 

Kanwisher 2005; Mazard et al. 2006; Schiltz and Rossion 2006; Andrews et al. 2010; Schiltz 

et al. 2010; Zhang et al. 2012; Zhou et al. 2018).  

Whether or not the face-selective region of the LatMidFG differentially processes 

unfamiliar and familiar faces is highly debated (Gobbini and Haxby 2007; Natu and O’Toole 

2011). Neuroimaging studies have found differential responses between familiar and unfamiliar 

faces in the LatMidFG (Sergent et al. 1992; Rossion, Schiltz, et al. 2003; Natu and O’Toole 

2015) but these effects are inconsistent (i.e., relative increases or decreases to familiar faces) 

and other studies did not find any difference (e.g., Leveroni et al. 2000; Ramon et al. 2015). 

Here, using a FPVS famous face identity paradigm in electrophysiology, we recorded large 

famous/unfamiliar discrimination responses in the right LatMidFG (and in the right ATL) 

(Figures 5 and 7). These results suggest that the right LatMidFG is sensitive to the familiarity 

status of the faces, although whether these responses reflect local processes or reentrant 

neural activity from more anterior regions involved in semantics is undetermined (but see 

Quiroga et al. in press).   

During DES to the critical contacts, beyond the frequent perception that all faces looked 

the same (63.6% of the stimulations), CJ also more rarely (18.5%) reported various changes 

of the face percept such as a partial change of the face into another face (“it was like there 

was another face, like if it wasn’t him on the other side of the face), changes of face parts (“his 

eye wasn’t his eye”), scary or aggressive expressions (“they looked aggressive”) and, for one 

stimulation only, a slight change of the facial configuration (“the eyes came out too much”). 

Such perceptual changes, which have been defined as ‘metamorphopsia’ and linked to the 
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right LatMidFG even before its definition as a key face-selective region (Seron et al. 1995), are 

more similar to the most frequent visual changes reported by DES applied to this region with 

ECoG (Parvizi et al., 2012; Rangarajan et al., 2014; Schalk et al., 2017; Schrouff et al., 2020; 

Sanada et al., 2021). However, as indicated above, metamorphopsia, or face palinopsia, in 

isolation, do not provide evidence for a critical role of the LatMidFG in FIR, for several reasons. 

First, there was no report of such phenomena for most of the stimulations disrupting FIR in CJ. 

Second, DES inside the right AntFG can impair FIR without any perceived distortion or even a 

change of percept at all (Jonas et al. 2015; Volfart et al. 2022). Third, such changes of the 

perceived face configuration do not prevent recognizing the identity of faces (Parvizi et al. 

2012), as also found in subject MB with palinopsia (Jonas et al. 2018). As a matter of fact, 

even the present case was able to recognize the identity of faces in most of the trials of the 

face naming task, albeit with a substantial response delay. Finally, cases of prosopagnosia do 

not usually report facial changes along with their FIR impairment (but see Hécaen and 

Angelergues 1962).  

In summary, while the reasons why DES to the (face-selective) right LatMidFG often 

evokes spectacular perceptual changes described as metamorphopsia (Parvizi et al. 2012) or 

face palinopsia (Jonas et al. 2018) – remain unknown, these phenomena cannot be 

systematically and unambiguously related to FIR. In contrast, the consistent report of subject 

CJ that ‘all faces look the same’, certainly probed by the concurrent presentation of several 

faces in our behavioral tasks (see also Jonas et al. 2014), is in line with her behavioral 

impairment at these tasks and a bulk of evidence supporting a role of this region in 

differentiating face identities regardless of their long-term familiarity status. 

4.3. A cortical network view of DES-related face identity recognition impairments  

It is important to stress that the right LatMidFG is not the only critical region supporting 

FIR, a function that, in humans, relies on a specialized right lateralized network of face-

selective regions across the VOTC. Indeed, beyond evidence from lesion studies (Meadows 

1974; Damasio et al. 1982; Sergent and Signoret 1992; Bouvier and Engel 2006; Sorger et al. 



 

36 
 

2007; Tranel et al. 2009; Cohen et al. 2019), transient inability to match the identity of unfamiliar 

faces has also been reported during DES of the right face-selective IOG/OFA and the right 

face-selective AntFG, located respectively posteriorly and anteriorly to the LatMidFG along the 

VOTC (Jonas et al. 2014; Volfart et al. 2022, respectively). Importantly, the critical contacts in 

these two regions recorded large frequency-tagged unfamiliar face discrimination responses, 

as in the present case report. As mentioned above, a large-scale mapping of FPVS unfamiliar 

face discrimination responses with SEEG showed that the highest proportion and the largest 

amplitude of responses were found along a strip of cortex including the right LatMidFG but also 

the IOG and AntFG, with the largest amplitude recorded in the LatMidFG (Jacques et al. 2020). 

As for fMRI adaptation effects for unfamiliar faces, they are also found in the IOG (Gauthier et 

al. 2000; Eger et al. 2004; Schiltz and Rossion 2006; Gilaie-Dotan et al. 2010; Ewbank et al. 

2013; Hermann et al. 2017; Hughes et al. 2019; Rostalski et al. 2020), and the lack of evidence 

for effects anterior to the LatMidFG  is likely to be due to severe magnetic susceptibility artifacts 

affecting the ventral ATL (Wandell 2011; Rossion et al. 2018; Volfart et al. 2022).  

Given that the FIR function appears to be distributed across several face-selective 

VOTC regions, the behavioral impairment of the present case CJ may be due to transient 

disruption of several regions connected to the stimulated site beyond the right FFA. That is, 

the right LatMidFG should be seen as a key node of the cortical face network, with other nodes 

(ipsilaterally or even in the other hemisphere), or even the entire network supporting FIR, 

affected through current spread along tract connections (Tolias et al. 2005; Moeller et al. 2008; 

Mandonnet et al. 2010; Borchers et al. 2012; Rolston and Chang 2018; Perrone-Bertolotti et 

al. 2020; Jonas and Rossion 2023). Consistent with this view, it has been shown that DES of 

the LatMidFG (behaviorally affecting face detection) spreads anteriorly and posteriorly across 

the VOTC and predominantly to face-selective sites (Keller et al. 2017). 

4.3 Why are FIR impairments following DES so rarely observed? 

Even though the cortical network supporting FIR is widely distributed across the VOTC 

(Jacques et al. 2020) and DES has been increasingly used during the last decade to 
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understand this function (for review see Jonas and Rossion 2023), very few DES studies so 

far have reported objective FIR impairments (Jonas et al. 2012, 2014, 2015; Volfart et al. 2022; 

the present study). Why are such observations so rare? 

Here, we argue that inducing a FIR impairment by DES requires a number of conditions 

that are unlikely to happen in a clinical context. First, as mentioned above, behavioral tasks 

specifically designed to test this function are required, ideally, without verbal output to avoid 

potential confound with naming and with a sufficient number of simulations to provide 

quantitative measurements of the DES effects in terms of accuracy and response time (Jonas 

et al. 2014; Volfart et al. 2022; see also Chong et al. 2013; Keller et al. 2017 for face detection 

tasks). In contrast, most of the ECoG DES studies over the LatMidFG only required subjects 

to view a human face at bedside, and to report whether the face remained the same or was 

distorted (Rangarajan et al. 2014; Schalk et al. 2017; Schrouff et al. 2020; Sanada et al. 2021; 

see also Jonas et al. 2018 in SEEG). Moreover, unless response times are systematically 

measured in a large number of trials, a famous face naming task (in which face identities are 

presented one at a time) may not be well-suited to elicit FIR impairment during right LatMidFG 

stimulation (Parvizi et al. 2012; Jonas et al. 2018; the present case). Instead, forced-choice 

recognition or matching tasks with several faces presented simultaneously as in the present 

case may be required to elicit these FIR impairments during stimulation. Second, while ECoG 

DES probably disrupts a relatively large cortical zone, explaining global distortions of the faces, 

sometimes even when stimulating non-face-selective sites (Parvizi et al. 2012; Rangarajan et 

al. 2014; Schrouff et al. 2020), SEEG, thanks to intracortical DES, may be better suited to more 

specifically disturb the function of local populations of neurons critically involved in FIR. Third, 

the DES electrode should be located specifically (by chance) in one of the most face-selective 

regions of the VOTC. However, the precise localization and number of face-selective clusters, 

especially within the LatMidFG, vary considerably across individual brains and, besides a 

major distinction between medial and lateral fusiform gyri (Weiner and Grill-Spector 2012; 

Weiner et al. 2014), is not well predicted by the individual anatomy (Rossion et al. 2012; Zhen 
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et al. 2015; Gao et al. 2022). Here, for instance, the critical contacts were not only located in a 

face-selective region of the right LatMidFG: they fell into the largest face-selective cluster as 

identified in fMRI (Figure 6A) and, most importantly, were associated with the largest face-

selectivity and face identity electrophysiological indexes as obtained with frequency-tagging 

(Figure 7). This is unlikely to occur in most clinical investigations of the VOTC for intractable 

epilepsy. While these factors are likely to explain the rarity of stimulation-induced FIR 

impairments, other interindividual variables (e.g., level of connectivity with other nodes of the 

network of the stimulated site, stimulation parameters, electrode orientation with respect to the 

cortex, relative distance to grey and white matters, performance at FIR outside stimulation, 

etc.) may influence whether DES over the right FFA of a given individual will or will not elicit a 

transient FIR impairment, and future research will be needed to clarify this issue. 
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