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Review of Mégevand et al.

Visual hallucinations and related phe-
nomena, such as déjà vu, are reminders
that conscious perception does not always
accurately reflect external reality. We
might be startled by a garden hose that at
first glance looks like a snake, or feel an
eerie sense of familiarity in new surround-
ings. For the most part these are transitory
and intriguing perceptual glitches, yet in
many neuropsychiatric disorders they are
recurrent and troubling symptoms. Cur-
rently there is no unified brain– behavior
framework to conceptualize these phe-
nomena. The work by Mégevand and col-
leagues (2014), which uses intracranial
EEG to discern the neural correlates of
topographic visual hallucinations and
déjà vu in the parahippocampal place
area, is timely and informative, hinting at
a mechanism for these phenomena in-
volving interactions between large-scale
neural networks.

Visual hallucinations range from the
simple to the complex. Simple hallucina-
tions are typically abstract shapes or pat-
terns, and they can be induced via
electrical brain stimulation to the primary
and secondary visual cortices (Selimbeyo-

glu and Parvizi, 2010). In contrast, com-
plex hallucinations comprise recognizable
objects, such as people, animals, or topo-
graphical scenery, which are often imbued
with personal meaning. The elaborate
quality of complex hallucinations suggests
involvement of regions outside the pri-
mary visual areas, and indeed, they are
widely reported during electrical stimula-
tion of medial temporal lobe sites, includ-
ing the hippocampus and amygdala,
fusiform and parahippocampal gyri, and
entorhinal and perirhinal cortices (Selim-
beyoglu and Parvizi, 2010). Similarly, déjà
experiences exist on a continuum, with
déjà vu representing the attenuated form
of familiarity in a novel context, and déjà
vécu the more encompassing experience
of having previously lived through a cer-
tain situation (Illman et al., 2012). Déjà
phenomena are also strongly associated
with medial temporal lobe disturbances,
most commonly manifesting experimen-
tally with electrical stimulation of the
amygdala, hippocampus, and parahip-
pocampal cortex (Vignal et al., 2007).

Despite the broad implication of the
parahippocampal cortex in complex hal-
lucinatory phenomena, its posterior re-
gion, the parahippocampal place area
(PPA), specialized for processing visual
scenes, had not previously been linked to
topographic hallucinations. The PPA is
historically defined as the posterior subre-
gion of the parahippocampal cortex, al-
though more recent evidence confirms
peak activation for scene-selective pro-

cessing can extend to the lateral edge of
the collateral sulcus, adjacent to the me-
dial fusiform gyrus (Nasr et al., 2011).
Mégevand et al. (2014) demonstrate a di-
rect link between the PPA and topo-
graphic hallucinations, thereby providing
evidence of a role for PPA neuronal activ-
ity in conscious scene perception. Impor-
tantly, their work further confirms the
significance of the parahippocampal re-
gion in complex visual hallucinations and
déjà vu. Framing these results within the
context of broader neural networks that
interact with the PPA may offer insight
into the mechanisms that underpin these
complex phenomenological experiences
in clinical disorders.

In an individual undergoing presurgi-
cal evaluation for drug-resistant epilepsy,
Mégevand and colleagues (2014) electri-
cally stimulated the PPA. Before electrode
implantation, functional MRI data was
collected during presentation of pictures
of buildings, faces, man-made objects,
and geometric patterns. By contrasting
peak BOLD response for buildings versus
responses for other picture categories, a
scene-selective region corresponding to
the PPA was identified in the collateral
sulcus and medial fusiform gyrus of the
basal temporal lobe. Selectivity of this re-
gion was further confirmed with intracra-
nial EEG recordings, by analyzing changes
in broadband high-power gamma band
(40 –160 Hz) in response to presentation
of houses versus faces and other objects.
Those sites confirmed as scene-selective
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via converging evidence from the func-
tional MRI and intracranial EEG were
then targeted for direct stimulation.

Bipolar electrical stimulation was de-
livered via 200-�s, square-wave biphasic
pulses at 50 Hz for �2 s at 11 sites in the
predefined scene-selective region. An ad-
ditional 38 electrode pairs were stimu-
lated in the temporal and frontal lobes,
although none induced abnormal per-
cepts. Before each stimulation trial, the
subject was asked to report whether they
saw, heard, or felt anything. Two stimula-
tion sites in the fusiform gyrus elicited
topographic hallucinations: one was a de-
tailed scene of a train station in the pa-
tient’s neighborhood (medial fusiform
gyrus), the other an unrecognized scene of
a closet and a staircase (lateral fusiform
gyrus). The patient described passively
viewing the scenes as if they were pre-
sented in front of him, without the feeling
of actually being there. In contrast, stim-
ulation of a slightly more lateral region in
the inferior temporal gyrus resulted in
distorted perception of the investigators’
faces, and also a complex visual phenom-
enon involving face– body distortion with
a topographic context (i.e., investigators
“looked Italian”, with aprons, as if they
worked in a pizza shop). Interestingly,
stimulation to the rostrolateral aspect of
the fusiform gyrus induced a combination
of strong déjà vu and a complex topo-
graphical hallucination of a familiar street
scene. Stimulation of the medial aspect of
this rostral region elicited déjà vu without
an accompanying visual percept.

Together, the findings suggest that
stimulation of peak scene-selective regions
in the PPA result in complex topographical
hallucinations, while stimulation of outer
regions results in an admixture of topo-
graphic and other perceptual distur-
bances, including déjà vu. This provides
direct causal evidence that localized neu-
ronal activity in the human PPA subtends
perception of visual scenes, with previous
correlational evidence having been gar-
nered from functional MRI studies or in-
directly from lesion studies.

Emergence of complex hallucinatory
phenomena from PPA stimulation is con-
sistent with its anatomical positioning
and with the hypothesized role for the
parahippocampal cortex as a site for inte-
gration and processing of contextual asso-
ciations (Aminoff et al., 2013). The PPA,
and more broadly the parahippocampal
cortex, has dense reciprocal connections
within the medial temporal lobe (i.e.,
temporal pole and perirhinal cortex); it
provides major input to the entorhinal

cortex, which feeds directly into the
hippocampus; and it also has direct con-
nections to the hippocampus and the
amygdala. This places the PPA at the in-
terface of higher-order visual processing
(i.e., the ventral visual pathway that spans
the inferotemporal cortex), self-referential
processing and memory (i.e., the brain’s
default network, including the hippocam-
pal and parahippocampal regions), and
emotion (i.e., limbic and salience net-
works, including the amygdala) (Fig. 1).
Abnormal activity in this integration re-
gion could conceivably produce the com-
bination of visual, autobiographical, and
emotive qualities that characterize com-
plex hallucinations and déjà experiences.

Although Mégevand et al. (2014) re-
veal a direct role for PPA activity in com-
plex hallucinations and déjà vu, such
localized activity does not explain the
entire spectrum of hallucinatory experi-
ences. For instance, hallucinatory phe-
nomena are known to occur in response
to neural stimulation in extra-temporal
regions and in clinical disorders charac-
terized by extra-temporal lobe dysfunc-
tion. For example, prefrontal stimulation
sites have evoked complex visual hallucina-
tions (Blanke et al., 2000) and propagation of
stimulation current to frontotemporal re-
gions subserving autobiographical mem-
ory is thought to underpin a more
encompassing experience of déjà vécu
combined with visual hallucinations (Ill-
man et al., 2012). In line with this, Herbet
et al. (2014) provided evidence that direct
stimulation to white matter tracts con-
necting the posterior cingulate region and

medial prefrontal cortex— core midline
structures in the default network—in-
duced vivid imagery and the feeling of be-
ing in another place (i.e., the patient
described being on the beach, as if in a
dream).

A role for extra-temporal regions in
clinical disorders has been indicated in
Charles Bonnet syndrome, in which func-
tional MRI has linked complex visual hal-
lucinations to aberrant activity in the
secondary visual cortex (Ffytche et al.,
1998); Parkinson’s disease, in which dys-
function in the dorsal frontoparietal at-
tention system is documented during
complex visual hallucinations (Shine et
al., 2014); and in schizophrenia with vi-
sual hallucinations, which is associated
with hyperconnectivity between the hip-
pocampus and the occipital cortex, me-
dial prefrontal, and striatal regions (Amad
et al., 2014).

Considering the direct link between
the PPA and hallucinations that Mé-
gevand et al. (2014)demonstrate, might
dysfunction in prefrontal and occipital
sites, or their afferent projections, be a
source of aberrant neural activity in the
PPA, giving rise to complex hallucinatory
phenomena in clinical disorders? As illus-
trated by both functional and anatomical
connectivity studies, the PPA lies at the
nexus of large-scale attentional and per-
ceptual networks (Fig. 1). For example,
functional connectivity studies demon-
strate the posterior PPA is strongly con-
nected to early visual regions in the
occipital cortex, while the anterior PPA is
specifically connected to a constellation of
regions that overlaps with the default net-
work, and indirectly connected with me-
dial superior frontal regions (Baldassano
et al., 2013). Modulation of the PPA by
these distal regions has been described.
For example, dependent on the informa-
tion processing required for incoming
visual information, the frontoparietal net-
work has been shown to enhance PPA ac-
tivity, and the default network to suppress
PPA activity (Chadick and Gazzaley,
2011). This places the PPA in an ideal po-
sition to be influenced by bottom-up ac-
tivity from the visual cortex, and also
top-down modulation from large-scale
attentional and perceptual networks.

Given that highly specific regions in
the PPA evoke complex hallucinatory
phenomena, consideration of how dys-
function in large-scale neural networks
and distal brain regions impinges upon
the PPA will certainly help to clarify the
pathophysiological mechanism of halluci-
nations across clinical disorders with

Figure 1. The PPA and its broader neural network connec-
tions. Key regions that show anatomical and functional con-
nections with the PPA and the broader neural networks
encompassing these key regions, with crucial roles in self-
referential processing and memory (default mode network);
emotional processing (salience and limbic networks); cogni-
tive control (frontoparietal network); and higher-order visual
processing (ventral visual stream). PPA, Parahippocampal
place area; MTL, medial temporal lobe; mPFC, medial prefron-
tal cortex; PCC, posterior cingulate cortex; Amy, amygdala;
msPFC, medial superior prefrontal cortex; ITC, inferotemporal
cortex.
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heterogeneous pathology. A further in-
triguing consideration is that while this
circumscribed aberrant activity in the
PPA produced a feeling of familiarity and
of passively viewing topographic halluci-
nations, expansive aberrant activity in de-
fault network regions (Illman et al., 2012;
Herbet et al., 2014) can induce a more en-
compassing déjà vécu and the feeling of
being embedded in the hallucinated to-
pography. This comparison may explain
why chronic visual hallucinations in
schizophrenia and Parkinson’s disease,
which are associated with more diffuse
pathology, can often become increasingly
vivid and difficult to separate from reality.
Considering the findings of Mégevand et
al. (2014) in such a framework highlights
that pathological complex hallucinatory
experiences are best considered a network
phenomenon.
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