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Abstract

Roughly two-thirds of all people report having experienced déjà vu—the odd feeling that a current 

experience is both novel and a repeat or replay of a previous, unrecalled experience. Reports of 

an association between déjà vu and seizure aura symptomatology have accumulated for over a 

century, and frequent déjà vu is also now known to be associated with focal seizures, particularly 
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those of a medial temporal lobe (MTL) origin. A longstanding question is whether seizure-related 

déjà vu has the same basis and is the same subjective experience as non-seizure déjà vu. Survey 

research suggests that people who experience both seizure-related and non-seizure déjà vu can 

often subjectively distinguish between the two. We present a case of a person with a history of 

focal MTL seizures who reports having experienced both seizure-related and non-seizure common 
déjà vu, though the non-seizure type was more frequent during this person’s youth than it is 

currently. The patient was studied with a virtual tour paradigm that has previously been shown 

to elicit déjà vu among non-clinical, young adult participants. The patient reported experiencing 

déjà vu of the common non-seizure type during the virtual tour paradigm, without associated 

abnormalities of the intracranial EEG. We situate this work in the context of broader ongoing 

projects examining the subjective correlates of seizures. The importance for memory research of 

virtual scenes, spatial tasks, virtual reality and this paradigm for isolating familiarity in the context 

of recall failure are discussed.

Keywords

Déjà vu; Subjective experience; Focal seizures; Seizure aura; Stereo-electroencephalography 
(SEEG); Consciousness

1. Introduction

Déjà vu—the feeling of having experienced the current situation before despite that seeming 

impossible—has a long-appreciated link to some forms of epilepsy (reviewed by Brown, 

2004, Cleary & Brown, 2022) [1–2]. Medical descriptions and this link were provided by 

John Hughlings Jackson over a century ago [3–4]. Today, it is widely recognized that déjà 

vu that occurs with high frequency can indicate an underlying seizure, most often from focal 

seizures involving the medial temporal lobe (MTL) [5–31]. Nonetheless, there are some 

differences between what is commonly referred to as déjà vu in the context of seizures and 

epilepsy, or ‘epileptic’ déjà vu, and ‘common’ or ‘non-seizure’ déjà vu [2].

The clearest evidence for a distinction between epileptic and common déjà vu is the ability 

for some patients with epilepsy, who experience both, to readily make this distinction [5]. 

Seizure-related déjà vu tends to be longer and has other features that are not directly 

related to the experience of déjà vu: Feelings of depersonalization, fear, or the presence of 

vivid memories or olfactory hallucinations. This finding is in line with other reports in the 

literature, such as comparisons between people who experience ictal déjà vu and people with 

no history of epilepsy who report experiencing déjà vu [18,31]. Despite these differences, 

the similarities and unique nature of déjà vu have led to speculation that common déjà 

vu may also be due to focal seizures [32]. Prima facie, this seems unlikely given the 

pervasiveness of the phenomenon and the absence of seizures and EEG abnormalities in 

most of the human population; however, the idea cannot be completely ruled out given the 

possibility of benign MTL epilepsy [16] or that focal seizures underlying the aura might 

not be detectable with scalp EEG. Moreover, people who have experienced common déjà vu 

have been shown to have reduced gray matter volume in components of the limbic network, 

which correlates with the frequency of these experiences [33]. A subsequent study using 
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similar methods and a larger sample size found only a volumetric difference involving the 

insula [17]. Of note, in both cases of common déjà vu, abnormalities were left hemispheric, 

whereas the right hemisphere has been more often implicated in epileptic déjà vu [34–35]. 

Finally, it seems unlikely that patients with both sorts of déjà vu - with a proven predilection 

for epileptogenesis - would show stable or low rates of common déjà vu that is unrelated to 

seizures and has decreasing frequency with age [5].

A potentially useful approach for examining this issue is a recently developed method for 

increasing reports of déjà vu among non-clinical participants in the laboratory [36–38]. In 

this method, based on early theories of déjà vu mechanisms [1], participants view a series of 

simulated virtual tours through various scenes. Later, they view a series of virtual tours with 

new scenes, some of which have the same spatial layout as earlier-viewed scenes despite 

otherwise being novel scenes (see Figure 1). For example, a virtual lodge scene might have 

the same layout as a previously toured virtual shopping mall, and the movement through the 

virtual lodge scene follows the same series of turns through the scene as was taken during 

the shopping mall tour. The primary interest in this method is in familiarity-detection with 

novel scenes that have familiar layouts during instances of recall failure (when participants 

fail to recall the spatially similar scene that was presented earlier). Non-clinical, college 

student participants are more likely to report experiencing déjà vu in these instances than 

when touring novel scenes that do not share a spatial layout with earlier toured scenes; 

they also find those scenes to be more familiar [37–38]. This paradigm provides a key 

opportunity to study familiarity, including when isolated from recall.

As the virtual tour method presents a means of eliciting déjà vu through characteristics in 

the virtual environment, and in non-clinical participants, it can potentially shed light on 

whether there are similar neural circuits underlying these two distinguishable types of déjà 

vu among people who experience seizure-related déjà vu. The aim of the present case report 

is to show the feasibility of this method, ask whether this experimental paradigm can work 

in patients who report common and epileptic déjà vu, and finally, to examine our hypothesis 

that common déjà vu is not due to focal seizures.

2. Case report

2.1 Patient History

A 30-year-old left-handed man with a 5-year history of medically refractory epilepsy, 

without risk factors or pertinent additional medical history, was admitted to Emory 

University Hospital Intracranial Monitoring Unit for stereoelectroencephalography (SEEG). 

Seizures consisted of behavioral arrest followed soon after by unresponsiveness, fumbling 

with his hands, oral automatisms, sometimes with drooling and rare progression to bilateral 

tonic clonic seizure. Seizures were often accompanied by an aura and subjective phenomena 

that had changed during the course of his epilepsy: Initially, an aura was often present 

that consisted of a chill running up his spine, dysphoria and a vivid recollection. The 

recollection consisted of reliving an experience from his late childhood or early teens of 

visiting the local gas station on a Friday evening to choose a video to watch with his 

family. He was consciously aware that this should have been a happy memory for him, and 

that it seemed incongruous with his experienced dysphoria. This vivid reliving experience 
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has faded over the five-year course of his epilepsy. This original aura was a strong sense 

of déjà vu (or perhaps déjà vecu ‘already experienced’, intense and not merely visual; 

see [2]) during this event. Long-term video EEG monitoring revealed sleep-potentiated 

left anterior temporal spikes and occasional colocalized theta slowing. Three seizures were 

captured with behavioral arrest, staring, then later right arm dystonic posturing and spread 

to the face as generalization ensued, each with correlated left anterior temporal EEG onset. 

MRI revealed questionable fluid attenuation inversion recovery (FLAIR) hyperintensity 

of the left hippocampus, with normal architecture. fMRI revealed predominantly left­

hemispheric activation during language tasks. Positron emission tomography (PET) revealed 

left temporal hypometabolism. Neuropsychological testing revealed high functioning across 

most domains with a WAIS-IV General Ability Index of 122 (92nd percentile), but with 

variable memory performance and slow and poorer performance for visual confrontation 

naming. Based on these data, and the variable presence of his aura, implantation 

hypotheses were left medial temporal, versus left neocortical temporal and cingulate. 

SEEG was considered given the possible wider than hippocampal involvement of the 

left and language-dominant temporal lobe for the purpose of deciding between tailored 

resection or ablation, versus neuromodulation. Implanted electrodes sampled the medial 

and lateral temporal structures (including the superior temporal gyrus, perirhinal area, 

entorhinal cortex, hippocampus, temporal pole, parahippocampal gyrus), anterior and 

posterior cingulate cortices and the orbitofrontal cortex with right amygdala, hippocampus, 

middle temporal and fusiform gyri. SEEG revealed left greater than right lateral and 

medial temporal interictal epileptiform abnormalities with after-discharges elicited by low­

frequency electrical stimulation the left lateral temporal cortex, supramarginal, orbitofrontal, 

and mesial temporal areas. Neither déjà vu nor déjà vecu was elicited by stimulation, but 

at the time of admission this aura was not present. No seizures were captured during the 

admission, but given presumed wide bitemporal involvement, deep brain stimulation of 

the anterior nucleus of the thalamus was chosen by the patient and the treatment team in 

preference to an irreversible destructive procedure on the dominant hemisphere. During this 

SEEG hospitalization he consented to participate in the computerized virtual tour program, 

at which time he was off all anti-seizure medications.

2.2 Virtual Tour Paradigm

A computer system containing a variant of the Virtual Tour Paradigm [37] was moved 

into the patient’s room on a mobile cart so that the patient could participate in the tour 

from his hospital bed. The video clips of each virtual tour were presented using ePrime 

software (v3, Psychology Software Tools, Sharpsburg, PA) using a Windows 10 computer 

(Intel i7 Processor, GeForce GTX 1080Ti graphics card) on a 27” monitor (P2715Q, Dell, 

Round Rock, TX) about 60 cm from the participant, with the monitor, mouse, keyboard and 

response buttons placed on a table over the bed and in front of the patient. The patient was 

instructed to press a button on a short-latency response box (Chronos, Psychology Software 

Tools, Sharpsburg, PA) next to the keyboard any time a déjà vu experience occurred during 

any of the tours. Briefly, and as described in more detail in Cleary and Claxton (2018) [37], 

the paradigm is divided into ‘training scenes’ and ‘test scenes’. Training scenes consisted 

of a recorded voice describing the title of the scene (e.g., “This is a locker room. Locker 

room.”), with the participant then being passively moved through a specific path in the 

Cleary et al. Page 4

Epilepsy Behav. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



virtual scene. Half of the subsequently presented test scenes were different in theme and 

content, but spatially similar to a training scene; the other half were entirely novel. During 

the test phase the patient responded to prompts using the keyboard. In test scenes, movement 

through the predetermined path was stopped near its completion and immediately prior to 

a turn. In the case of test scenes having a similar training scene, this path was spatially 

identical. The first prompt asked if déjà vu had occurred during the tour, with the instruction 

to press “Y” for “yes” or “N” for “no.” The next prompt asked if, upon stopping, the 

person experienced a feeling of prediction regarding what the direction of the next turn 

should be (with the instruction to press “Y” for “yes” or “N” for “no). The participant was 

then requested to guess the direction of subsequent movement (“L” for “left” or “R” for 

“right”) and then asked to provide a familiarity rating on a scale of 0 (very unfamiliar) 

to 10 (very familiar). Finally, the participant was asked to indicate if successful recall of 

an earlier-viewed similar scene had occurred; here, the person was asked to type the name 

of any earlier-viewed scene that came to mind in response to the test tour and to press 

“Enter” if none came to mind. SEEG was reviewed, with a standard clinical approach, for 

any electrographic abnormalities during the testing paradigm.

2.2.1 Patient Experience of the Virtual Tour Paradigm—In our standard interview 

immediately following the virtual tour, the patient described having previously experienced 

both common and epileptic déjà vu. The patient described his experience of common déjà vu 

as being much more frequent for him when he was a teenager than currently. Interestingly, 

the epileptic déjà vu is also rare at present. He described the epileptic type of déjà vu as 

differing from common déjà vu in having an associated sense of worry or fear and feelings 

of dread as part of the seizure warning. He also described epileptic déjà vu experiences as 

feeling as if he can predict what happens next, whereas he does not have that feeling of 

prediction with common déjà vu. With epileptic déjà vu, the situation “feels so familiar” 

that he can “see what the next step is.” When asked how he would describe the difference 

between familiarity and déjà vu, his response was, “I would say that the difference is that 

déjà vu is a sensation and familiarity is just a feeling. Déjà vu is something hard to put your 

finger on. Déjà vu is a more intense sense of familiarity.”

2.2.2 The Virtual Tour Paradigm Elicited Subjective Familiarity and Déjà Vu 
in the Absence of Focal Seizures—Following completion of the computer simulations 

of virtual tours, the patient described his impressions of the paradigm and his subjective 

experiences. He stated that a lot of the scenes seemed familiar to him. He expressed that 

he did not have any sense of epileptic déjà vu during any of the tours. However, he stated 

that he did have “a sort of regular sense of déjà vu”. He went on to say that déjà vu in 

this case is a “confused familiarity”. Importantly, no seizures were observed during the 

patient’s participation in the virtual tour paradigm, despite good sampling of structures 

that are thought to be necessary for epileptic déjà vu - the perirhinal area, entorhinal and 

parahippocampal cortices, the hippocampus and portions of the lateral temporal lobe.

2.2.3 Spatially Similar Scenes Elicited Déjà Vu in the Context of Recall 
Failure—The patient successfully recalled 14 of the virtual training scenes from among 

the 32 test scenes that had the same spatial layout as a training scene, for a cued recall rate 
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of .44. Among the 18 test scenes that failed to elicit recall of their identically configured 

studied scenes, the patient reported experiencing déjà vu for three of the virtual scenes (a 

rate of .17), whereas among the 32 test scenes that did not have the same spatial layout as 

any earlier-toured scene, the patient reported experiencing déjà vu for none of them (a rate 

of 0). A Fisher’s Exact test revealed these frequency differences to be significant (p = .04). 

The patient also reported déjà vu for four of the 14 test scenes that elicited successful recall 

of earlier identically configured scenes (a rate of 0.29); it is unclear if the sensation of déjà 

vu preceded the recall in these instances, as the temporal dynamics of responses were not 

recorded.

2.2.4 Feelings of Prediction Accompanied Familiarity but not Déjà Vu—During 

recall failure, the participant’s reported feeling of prediction rates were zero during reported 

déjà vu and .16 during non-déjà vu, and .17 among scenes identically configured to earlier 

viewed scenes and .16 among scenes not spatially similar to an earlier viewed scene. 

Reported feelings of familiarity during recall failure occurred at a rate of 1.0 during déjà 

vu (all three déjà vu reports were accompanied by a report of familiarity), of .45 during 

non-déjà vu, and at a rate of .56 among scenes identically configured to earlier viewed 

scenes, and .44 among scenes not spatially similar to an earlier viewed scene. None of the 

frequencies in these comparisons were significant. Although past research has suggested an 

association between déjà vu reports during recall failure in this paradigm and feelings of 

prediction, the patient exhibited no such association; zero of the three instances of reported 

déjà vu during recall failure were accompanied by reported feelings of prediction. However, 

although not during déjà vu, the patient did report a feeling of prediction a total of 8 

times during the absence of recall. These 8 instances occurred for scenes that were deemed 

familiar but for which déjà vu was not reported. Among the total of 50 scenes for which 

recall was absent, 24 altogether were judged to be familiar; among these, 8 elicited reported 

feelings of prediction while 16 did not. In contrast, among the 26 of the scenes that were 

judged to be unfamiliar, none elicited a report of a feeling of prediction. A Fisher’s Exact 

test revealed these frequency differences to be significant (p = .001). Finally, among scenes 

that spatially mapped onto earlier viewed scenes, there was no actual above-chance (chance 

= .50) predictive ability regarding the direction of the next turn during déjà vu (p Correct = 

.44) or during instances of recall failure more generally (p Correct = .33). No seizures were 

detected during tasks.

3. Discussion

Whether and how seizure-related déjà vu differs from common déjà vu remains an important 

question for researchers and clinicians. By capitalizing on the rare opportunity to have 

a person familiar with both epileptic and common déjà vu participate in the virtual tour 

paradigm that has been used to examine déjà vu in non-clinical participants [37], the 

present case report documents, in a novel way, that seizure-related déjà vu is subjectively 

distinguishable from an induced experience thought to be similar to the common déjà vu 

observed in non-clinical participants. Until now, qualitative evidence for this distinction was 

limited to survey and interview data, relying on long-past memory for the common form of 

déjà vu. This case study represents the first time the phenomenological distinction between 
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types of déjà vu experience has been directly observed in a clinical setting. Common déjà 

vu can be induced using the virtual tour paradigm, paving the way for SEEG studies that 

can help distinguish whether this common déjà vu-like experience has the same anatomical 

substrate as déjà vu produced by electrical stimulation in patients with epilepsy. This is 

important given the possibility that déjà vu may only be elicitable by stimulation and in the 

temporal lobe given hyper-excitability and involvement of these structures in the epileptic 

network. The present case report points toward the idea that déjà vu that is elicited by 

external factors, such as familiar visual or spatial aspects of the environment, is subjectively 

of the common type. The relative role of external phenomena or some internal state in 

driving spontaneous common déjà vu is unresolved. Regarding the occasionally posited ictal 

etiology for common déjà vu, seen in its most extreme form as the hypothesis that déjà 

vu represents environmentally-elicited seizures [39], this patient was off medications in the 

epilepsy monitoring unit and the experience of elicited déjà vu did not trigger, nor was it 

associated with, a seizure or epileptiform activity.

Studying common déjà vu and epileptic déjà vu together is a notable methodological 

advance for several reasons. First, it allows direct investigation of the long-held suspicion 

that déjà vu has multiple subtypes - common and epileptic - with the neural basis being 

cognitive and environmentally inducible in the former case, and related to seizures or 

after-discharges in the latter instance. Our hunch, however, is that “déjà vu” refers to a larger 

cluster of different but mechanistically related phenomena that likely all arise from the same 

(or overlapping) neurocognitive systems. Based on clinical evidence, these are rooted in the 

temporal lobe, and largely the medial temporal lobe. The central question is whether the 

described neural circuitry underlying epileptic déjà vu is the same as that of common déjà 

vu and familiarity-detection. We will address this empirically with our ongoing work using 

this paradigm, but cannot make robust claims regarding the neural correlates of real-world 

spontaneously occurring déjà vu with one participant and three episodes of common déjà 

vu that were induced by the controlled environment of our task (a controlled form of 

environmentally-induced déjà vu).

While our work holds promise for future studies with additional participants to better 

understand familiarity, memory mechanisms and déjà vu, there are some limitations. Firstly, 

participants in the virtual tour paradigm report déjà vu, but it is unclear that déjà vu as 

captured using this method is the same as that which occurs spontaneously in day-to-day 

life. Although some research suggests that sensitivity to spatial resemblance between scenes 

is correlated with real-life déjà vu frequency [40], the extent to which detection of spatial 

resemblance contributes to spontaneous, naturally occurring common déjà vu is unknown. 

Second, while a core hypothesis of our work is that environmentally induced déjà vu, 

using our virtual tour task, and epileptic déjà vu share a common neural substrate, based 

on prior work with epilepsy patients and based on lesion studies involving the perirhinal 

area and the network of which it is part [41–42], the fact that seizure and non-seizure 

déjà vu are subjectively distinguishable raises the possibility that different circuitry is 

involved in each. Given the additional features of the epileptic déjà vu phenomenon [31], 

it may mean that the same core network is responsible for déjà vu, but in the case of 

seizures, additional brain regions are activated giving rise to more complex phenomenology. 

Finally, another limitation of intracranial EEG studies is sparse sampling, but we often have 
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electrode contacts in several implicated temporal lobe structures, some structures that are 

not implicated (potentially functioning as a control), and occasionally in the same patient, 

frontal cortical regions that are important for attentional mechanisms. Furthermore, parallel 

studies may be performed with functional imaging covering the whole brain, albeit at a 

different timescale.

Two other major areas of investigation are relevant to this paradigm, and its development in 

the setting of human intracranial electrophysiology. Firstly, this affords the opportunity to 

study an aberration in conscious experience. Conscious experiences are often meta-cognitive 

- where the participant can appreciate the nature of an ongoing mental process. Déjà vu 

is such a metacognitive and conscious phenomenon [43], where there is an annotation 

concerning whether an episode is novel or familiar. In the case of déjà vu, both subjectively 

and based on typical characterizations of this phenomenon, this ‘annotation’ of experience 

appears to be both novel and familiar. In the setting of recall failure, as in our paradigm, 

we can examine the neural correlates of the meta-cognitive and conscious appreciation of 

familiarity. Ultimately, research on the forms of déjà vu could also help reveal the role of 

these systems in the animal’s achievement of a first-person perspective, i.e. a structured 

experiential frame that provides us with a sense of where we are both in space and time 

[44–46]. The study of déjà vu and its varieties, then, may be a key point of entry into the 

investigation of subjectivity.

Relatedly, there is a fruitful and continuing body of literature that pertains to the subjective 

elements of conscious experience and how this is affected by focal seizures. While early 

commentary on this topic suggested taking a behavioral approach that carefully parses 

amnesia and behavioral arrest from impairments of consciousness [47], more recent work 

has confidently entered into the study of subjective consciousness and its neural correlates. 

Starting in the 2000s, key contributions include fruitfully conducted qualitative research 

that showed that attention is forced and that subjective experience is lost in a progressive 

manner as the seizure ensues [48], the use of consciousness scales that include the contents 

of consciousness [15], development of an Ictal Consciousness Inventory [49], and providing 

schemas for approaching this new area of knowledge [50–51]. This work builds on the older 

distinction of Plum and Posner between the level of arousal and content of consciousness 

that has been a useful framework [52], but not without limitations [53]. Our patient, as has 

been described in this important body of work, had a shift of attention (‘forced attention’) 

inward, with reminiscences that overall have been argued to represent an expansion of the 

content of consciousness, as his awareness was subsequently fractionally lost. In this sense, 

déjà vu fits into a broader conceptualization of seizure aura and subjective experience that 

includes other ways in which there can be a superadding of additional layers of distortions 

of subjective experience that can include hallucinations, reminiscences, and dissociative 

phenomena [54]. Studying specific subjective phenomena, as is exemplified and proposed 

here, has the potential to help us not only understand specific cognitive phenomena, but 

also the complex relationship between the content of consciousness, level of awareness, and 

attention. Using this framework, an interesting similarity between epileptic and common 

déjà vu is revealed: Attention seems forced in common déjà vu, and one can conceive 

of there being an expansion of self-reflective consciousness - the subject feels strongly 

that ongoing experience is strongly familiar, but juxtaposed with a sense of not previously 
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seeing (déjà vu) or immersively having (déjà vecu) the experience. The setting of obtaining 

intracranial electrophysiological data will enable us, at least in suitably implanted patients, 

to examine attentional mechanisms, as well as the circuitry of familiarity, in the setting of 

epileptic and both electrical-stimulation- and task-induced déjà vu.

Secondly, this work touches on the domain of virtual reality (VR) and its uses in human 

neuroscience [55–57]. To aid this line of research, we are developing an immersive VR­

based version of this task that uses a head-mounted display (HMD). The purpose is to 

create a more intensely immersive version of the task and develop the tools and framework 

for further manipulations of conscious experience. Presently, the virtual tours are set up 

so that the user does not control the movement through the scene but instead follows a 

predefined movement path. As participants progress though the virtual tour, especially in 

the setting of immersive VR, they run the risk of experiencing cybersickness generated by 

sudden unexpected direction change within the scene. Cybersickness is best defined as a 

visually induced illness with common symptoms such as nausea, vomiting, dizziness, and 

fatigue [58]. Participants are seated during the virtual tour to aid in eliminating the feeling of 

cybersickness. Reducing the risk of cybersickness also requires special consideration during 

the development of the virtual tours to make sure the movement through scenes maintains 

an appropriate speed as well as does not perform any drastic camera rotations. These issues 

have been tackled extensively, but we will need to be sensitive to this in clinical populations. 

So not only will this work contribute to the use of VR in studies of human subjectivity but 

will also contribute toward making VR more generally useful in clinical studies.

4. Conclusions

Déjà vu has a well-documented association with epilepsy going back over a century. 

Whether or not the experience of déjà vu is always associated with some type of seizure 

activity has been unclear [32]. The present case report adds to a growing body of work 

suggesting that déjà vu can occur in the absence of detectable seizure activity and that 

one way in which this can occur is through environmental circumstances that trigger the 

experience. Although previous researchers have suggested that déjà vu can occur in the 

absence of detectable seizure activity and that when it does, it involves a different neural 

signature [59–60], this prior research has used scalp EEG, which is not suitable for detecting 

highly focal MTL seizure activity. Our case provides stronger evidence than prior scalp 

EEG studies by recording directly from pertinent brain regions. Thus, with SEEG, the 

present case study was able to more definitively rule out underlying seizure activity during 

the virtual tours or during the reported déjà vu experiences. These findings also fit with 

a previous case report of a patient who experienced déjà vu as a seizure symptom; that 

patient was unable to stop the seizure from progressing by refocusing attention onto another 

environmental stimulus (and away from the stimulus that seemed to prompt the onset of déjà 

vu), which suggests that the seizure-related déjà vu was emerging from internal, rather than 

external, factors [24]. Our findings suggest that in the present case, the patient’s feelings of 

déjà vu during the virtual tours were elicited by external factors, and these externally related 

déjà vu experiences did not feel to him like the seizure-related déjà vu.

Cleary et al. Page 9

Epilepsy Behav. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Funding:

Dr. Drane’s efforts on this paper were supported in part by funding received from the National Institutes of Health/
National Institute of Neurological Disorders and Stroke (NIH/NINDS, R01NS088748). He also receives funding 
from additional grants from the NIH (R01MH118514; R01NS110347), as well as Medtronic, Inc. (A1321808). 
Dr. Pedersen was supported in part by funding received from the NIH/NINDS (K08NS105929, R21NS122011, 
R01NS088748) and CURE Epilepsy.

References

[1]. Brown AS (2004). The déjà vu experience. New York: Psychology Press.

[2]. Cleary AM & Brown AS (2022). The Déjà vu Experience (2nd Edition). Routledge.

[3]. Hughlings-Jackson J On a particular variety of epilepsy (“intellectual aura”), one case with 
symptoms of organic brain disease. Brain 1888;11:179–207.

[4]. Quaerens (1870). A prognostic and therapeutic indication in epilepsy. The Practitioner, 4, 284–
285.

[5]. Adachi N, Akanuma N, Ito M, Adachi T, Takekawa Y, Adachi Y, et al. Two forms of 
déjà vu experiences in patients with epilepsy. Epilepsy Behav 2010;18:218–22. 10.1016/
j.yebeh.2010.02.016. [PubMed: 20494621] 

[6]. Akgül S, Oksüz-Kanbur N, Turanlı G. Persistent déjà vu associated with temporal lobe epilepsy in 
an adolescent. Turkish J Pediatrics 2013;55:552–4.

[7]. Bancaud J, Brunet-Bourgin F, Chauvel P, Halgren E. Anatomical origin of déjà vu and vivid 
“memories” in human temporal lobe epilepsy. Brain 1994;117 (Pt 1):71–90. [PubMed: 8149215] 

[8]. Bowles B, Crupi C, Mirsattari SM, Pigott SE, Parrent AG, Pruessner JC, et al. Impaired familiarity 
with preserved recollection after anterior temporal-lobe resection that spares the hippocampus. 
Proc National Acad Sci 2007;104:16382–7. 10.1073/pnas.0705273104.

[9]. Brandt KR, Eysenck MW, Nielsen MK, Oertzen TJ von. Selective lesion to the entorhinal cortex 
leads to an impairment in familiarity but not recollection. Brain Cognition 2016;104:82–92. 
10.1016/j.bandc.2016.02.005. [PubMed: 26974041] 

[10]. Chauvel PY. Pathophysiology of Déjà Vu and Reminiscences in Epilepsy. P Belg Roy Acad Med 
2014;3:104–13.

[11]. Crompton DE, Scheffer IE, Taylor I, Cook MJ, McKelvie PA, Vears DF, et al. Familial 
mesial temporal lobe epilepsy: a benign epilepsy syndrome showing complex inheritance. Brain 
2010;133:3221–31. 10.1093/brain/awq251. [PubMed: 20864493] 

[12]. Ernst A, Delrue G, Willems S. Overcoming familiarity illusions in a single case with persistent 
déjà vu. Memory 2018:1–15. 10.1080/09658211.2018.1510965. [PubMed: 29125048] 

[13]. Gloor P Experiential phenomena of temporal lobe epilepsy. Facts and hypotheses. Brain 
1990;113 (Pt 6):1673–94. 10.1093/brain/113.6.1673. [PubMed: 2276040] 

[14]. Guedj E, Aubert S, McGonigal A, Mundler O, Bartolomei F. Déjà-vu in temporal lobe epilepsy: 
Metabolic pattern of cortical involvement in patients with normal brain MRI. Neuropsychologia 
2010;48:2174–81. 10.1016/j.neuropsychologia.2010.04.009. [PubMed: 20398682] 

[15]. Johanson M, Valli K, Revonsuo A, Wedlund J-E. Content analysis of subjective experiences 
in partial epileptic seizures. Epilepsy Behav 2008;12:170–82. 10.1016/j.yebeh.2007.10.002. 
[PubMed: 18086461] 

[16]. Labate A, Gambardella A, Andermann E, Aguglia U, Cendes F, Berkovic SF, et al. Benign mesial 
temporal lobe epilepsy. Nat Rev Neurol 2011;7:237–40. 10.1038/nrneurol.2010.212. [PubMed: 
21263461] 

[17]. Labate A, Cerasa A, Mumoli L, Ferlazzo E, Aguglia U, Quattrone A, et al. Neuro­
anatomical differences among epileptic and non-epileptic déjà-vu. Cortex 2015;64:1–7. 10.1016/
j.cortex.2014.09.020. [PubMed: 25461702] 

[18]. Labate A, Baggetta R, Trimboli M, Tripepi G, Bisulli F, D’Aniello A, et al. Insight into epileptic 
and physiological déjà vu: from a multicentric cohort study. European Journal of Neurology 
2019;26:407–14. 10.1111/ene.13806. [PubMed: 30184312] 

Cleary et al. Page 10

Epilepsy Behav. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[19]. Martin CB, Mirsattari SM, Pruessner JC, Pietrantonio S, Burneo JG, Hayman-Abello B, et al. 
Déjà vu in unilateral temporal-lobe epilepsy is associated with selective familiarity impairments 
on experimental tasks of recognition memory. Neuropsychologia 2012;50:2981–91. 10.1016/
j.neuropsychologia.2012.07.030. [PubMed: 22841992] 

[20]. Martin CB, Mirsattari SM, Pruessner JC, Burneo JG, Hayman-Abello B, Köhler S. Relationship 
between déjà vu experiences and recognition-memory impairments in temporal-lobe epilepsy. 
Memory 2019:1–11. 10.1080/09658211.2019.1643891. [PubMed: 30384823] 

[21]. McLaughlin D, & Scott JE (2017). Already seen, already heard, already visited: Constructing 
the experience of déjà states within live intermedial performance. In Hansen P, Blasing B, 
Shaughnessy N & Lutterbie J (Eds.), Performing the remembered present : The cognition of 
memory in dance, theatre and music. London: Bloomsbury.

[22]. Michelucci R, Pasini E, Riguzzi P, Volpi L, Dazzo E, Nobile C. Genetics of 
Epilepsy and Relevance to Current Practice. Curr Neurol Neurosci 2012;12:445–55. 10.1007/
s11910-012-0281-8.

[23]. Moulin CJA. The strange sensation of déjà vu: not so strange in temporal lobe epilepsy. J 
Neurology Neurosurg Psychiatry 2014;85:132. 10.1136/jnnp-2012-303876.

[24]. O’Connor AR, Moulin CJA. The persistence of erroneous familiarity in an epileptic male: 
Challenging perceptual theories of déjà vu activation. Brain Cognition 2008;68:144–7. 10.1016/
j.bandc.2008.03.007. [PubMed: 18440689] 

[25]. Pašić MB, Velić EH, Fotak L, Pašić H, Imširagić AS, Milat D, Šarac H, Bjedov S & Gadže ŽP 
(2018). Many faces of déjà vu: A narrative review. Psychiatria Danubina, 30, 21–25. 10.24869/
psyd.2018.21. [PubMed: 29546854] 

[26]. Perucca P, Crompton DE, Bellows ST, McIntosh AM, Kalincik T, Newton MR, et al. Familial 
mesial temporal lobe epilepsy and the borderland of déjà vu. Ann Neurol 2017;82:166–76. 
10.1002/ana.24984. [PubMed: 28681459] 

[27]. Rosenzweig I, Bhatia KP, Nashef L, Brunnhuber F. Paroxysmal Dyskinesia With Dj Vu Aura. J 
Neuropsychiatry Clin Neurosci 2010;22:123.e9–123.e10. 10.1176/jnp.2010.22.1.123.e9.

[28]. Takeda Y, Kurita T, Sakurai K, Shiga T, Tamaki N, Koyama T. Persistent déjà vu associated with 
hyperperfusion in the entorhinal cortex. Epilepsy & Behavior : E&B 2011;21:196–9. 10.1016/
j.yebeh.2011.03.031.

[29]. Thompson RG, Moulin CJA, Conway MA, Jones RW. Persistent Déjà vu: A disorder of memory. 
Int J Geriatr Psych 2004;19:906–7. 10.1002/gps.1177.

[30]. Tobochnik S, Fahlstrom R, Shain C, Winawer MR. Familial aggregation of focal seizure 
semiology in the Epilepsy Phenome&sol;Genome Project. Neurology 2017;89:22–8. 10.1212/
wnl.0000000000004052. [PubMed: 28566546] 

[31]. Warren-Gash C, Zeman A. Is there anything distinctive about epileptic déjà vu? J Neurology 
Neurosurg Psychiatry 2014;85:143. 10.1136/jnnp-2012-303520.

[32]. Labate A, Gambardella A. Comment on Brázdil (2012) “Unveiling the mystery of dèjà-vù: The 
structural anatomy of dèjà-vù.” Cortex 2013;49:1162. 10.1016/j.cortex.2012.08.021.

[33]. Brázdil M, Mareček R, Urbánek T, Kašpárek T, Mikl M, Rektor I, et al. Unveiling the 
mystery of déjà vu: The structural anatomy of déjà vu. Cortex 2012;48:1240–3. 10.1016/
j.cortex.2012.03.004. [PubMed: 22503281] 

[34]. Vignal J-P, Maillard L, McGonigal A, Chauvel P. The dreamy state: hallucinations of 
autobiographic memory evoked by temporal lobe stimulations and seizures. Brain 2007;130:88–
99. 10.1093/brain/awl329. [PubMed: 17142246] 

[35]. Lee DJ, Owen CM, Khanifar E, Kim RC, Binder DK. Isolated amygdala neurocysticercosis 
in a patient presenting with déjà vu and olfactory auras: Case report. J Neurosurg Pediatrics 
2009;3:538–41. 10.3171/2009.2.peds08140.

[36]. Cleary AM, Brown AS, Sawyer BD, Nomi JS, Ajoku AC, Ryals AJ. Familiarity from the 
configuration of objects in 3-dimensional space and its relation to déjà vu: A virtual reality 
investigation. Consciousness and Cognition 2012;21:969–75. 10.1016/j.concog.2011.12.010. 
[PubMed: 22322010] 

[37]. Cleary AM, Claxton AB. Déjà Vu: An Illusion of Prediction. Psychological Science 
2018;29:635–44. 10.1177/0956797617743018. [PubMed: 29494276] 

Cleary et al. Page 11

Epilepsy Behav. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[38]. Cleary AM, McNeely-White KL, Huebert AM, Claxton AB. Déjà vu and the 
feeling of prediction: an association with familiarity strength. Memory 2018;29:1–17. 
10.1080/09658211.2018.1503686.

[39]. Harper MA. Deja Vu and Depersonalization in Normal Subjects*. Aust Nz J Psychiat 1969;3:67–
74. 10.3109/00048676909159262.

[40]. Sugimori E, Kusumi T. The similarity hypothesis of déjà vu: On the relationship between 
frequency of real-life déjà vu experiences and sensitivity to configural resemblance. J Cogn 
Psychol 2013;26:48–57. 10.1080/20445911.2013.854248.

[41]. Bartolomei F, Barbeau EJ, Nguyen T, McGonigal A, Régis J, Chauvel P, et al. 
Rhinal-hippocampal interactions during déjà vu. Clinical Neurophysiology : Official Journal 
of the International Federation of Clinical Neurophysiology 2012;123:489–95. 10.1016/
j.clinph.2011.08.012. [PubMed: 21924679] 

[42]. Curot J, Pariente J, Hupé JM, Lotterie J-A, Mirabel H, Barbeau EJ. Déjà vu and prescience 
in a case of severe episodic amnesia following bilateral hippocampal lesions. Memory (Hove, 
England) 2019;0:1–16. 10.1080/09658211.2019.1673426.

[43]. Schwartz BL & Cleary AM (2016). Tip-of-the-tongue states, déjà vu experiences, and other 
odd metacognitive experiences. In Dunlosky J & Tauber SK (Eds.), The Oxford Handbook of 
Metamemory. Oxford University Press. (pp. 95–108).

[44]. Neisser J (2015), The Science of Subjectivity. London : Palgrave Macmillan Press.

[45]. Neisser J (2020), Repetition, or deja vu and embodied consciousness. In Cleary & Schwartz (eds) 
Memory Quirks: The Study of Odd Phenomena in Memory. New York : Routledge Press.

[46]. Kriegel U (2009), Subjective Consciousness: A Self-Representational Theory Oxford : Oxford 
University Press.

[47]. Gloor P Consciousness as a Neurological Concept in Epileptology: A Critical Review. Epilepsia 
1986;27:S14–26. 10.1111/j.1528-1157.1986.tb05737.x.

[48]. Johanson M, Revonsuo A, Chaplin J, Wedlund J-E. Level and contents of consciousness 
in connection with partial epileptic seizures. Epilepsy Behav 2003;4:279–85. 10.1016/
s1525-5050(03)00106-9. [PubMed: 12791329] 

[49]. Cavanna AE, Mula M, Servo S, Strigaro G, Tota G, Barbagli D, et al. Measuring the level and 
content of consciousness during epileptic seizures: The Ictal Consciousness Inventory. Epilepsy 
Behav 2008;13:184–8. 10.1016/j.yebeh.2008.01.009. [PubMed: 18353730] 

[50]. Cavanna AE, Monaco F. Brain mechanisms of altered conscious states during epileptic seizures. 
Nat Rev Neurol 2009;5:267–76. 10.1038/nrneurol.2009.38. [PubMed: 19488084] 

[51]. Mann JP, Cavanna AE. What Does Epilepsy Tell Us About the Neural Correlates of 
Consciousness? J Neuropsychiatry Clin Neurosci 2011;23:375–83. 10.1176/jnp.23.4.jnp375. 
[PubMed: 22231307] 

[52]. Plum F, Posner JB. The Diagnosis of Stupor and Coma, 2nd Ed. 1972. F.A. Davis Company, 
Philadelphia.

[53]. Hohwy J The neural correlates of consciousness: New experimental approaches needed? 
Conscious Cogn 2009;18:428–38. 10.1016/j.concog.2009.02.006. [PubMed: 19345590] 

[54]. Kerr WT, Zhang X, Janio EA, Karimi AH, Allas CH, Dubey I, et al. Reliability of 
additional reported seizure manifestations to identify dissociative seizures. Epilepsy Behav 
2021;115:107696. 10.1016/j.yebeh.2020.107696. [PubMed: 33388672] 

[55]. Parsons TD. Virtual Reality for Enhanced Ecological Validity and Experimental Control in 
the Clinical, Affective and Social Neurosciences. Front Hum Neurosci 2015;9:660. 10.3389/
fnhum.2015.00660. [PubMed: 26696869] 

[56]. Parsons TD, Gaggioli A, Riva G. Virtual Reality for Research in Social Neuroscience. Brain Sci 
2017;7:42. 10.3390/brainsci7040042.

[57]. Parsons TD, Gaggioli A, Riva G. Extended Reality for the Clinical, Affective, and Social 
Neurosciences. Brain Sci 2020;10:922. 10.3390/brainsci10120922.

[58]. Rebenitsch L, Owen C. Review on cybersickness in applications and visual displays. Virtual 
Real-London 2016;20:101–25. 10.1007/s10055-016-0285-9.

[59]. Vlasov PN, Chervyakov AV, Gnezditskii VV. Déjà vu phenomenon-related EEG pattern. Case 
report. Epilepsy Behav Case Reports 2013;1:136–41. 10.1016/j.ebcr.2013.08.001.

Cleary et al. Page 12

Epilepsy Behav. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[60]. Vlasov PN, Chervyakov AV, Gnezditskii VV. Electroencephalographic Characteristics of the Déjà 
Vu Phenomenon. Neurosci Behav Physiology 2014;44:754–60. 10.1007/s11055-014-9979-1.

Cleary et al. Page 13

Epilepsy Behav. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

1. Déjà vu-like experiences can be elicited experimentally

2. Induced Déjà vu is not associated with epileptiform abnormalities in 

intracranial EEG

3. Induced familiarity during recall failure is an important opportunity for 

memory research

4. Virtual reality has promise for human intracranial and memory studies

5. Subjective experiences during seizures are an opportunity for consciousness 

research
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Figure 1. Images of spatially mapped virtual stimuli used in the virtual tour paradigm.
On the left is a bedroom scene, one of many possibly toured in the encoding phase. The right 

panel shows a clothing store, toured in the test phase, that has the same spatial configuration 

but is otherwise novel within the context of the experiment.
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Figure 2. EEG, Imaging, and Electrode Placement Reconstruction.
(a) Sleep-activated left anterior temporal spikes. (b) Seizure onset over the same anterior 

temporal region. (c) MRI shows questionable hyperintensity of the left hippocampus on 

FLAIR. (d) PET reveals widespread hypometabolism in the left temporal lobe. Panels e-f 

show the pial surface segmentation with SEEG electrodes superimposed in coronal, sagittal 

and horizontal views, respectively.
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