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Objective: The goal of this study was to
assess brain glucose metabolism and its
relationship to dissociation measures and
clinical symptoms in DSM-IV depersonal-
ization disorder.

Method: Positron emission tomography
scans coregistered with magnetic reso-
nance images of eight subjects with deper-
sonalization disorder were compared to
those of 24 healthy comparison subjects.
The two groups did not differ in age, sex,
education, performance on a baseline neu-
ropsychological battery, or performance on
a verbal learning task administered during
["8F]fluorodeoxyglucose uptake. A cortical
analysis by individual Brodmann’s areas
was performed.

Results: Compared to the healthy sub-
jects, subjects with depersonalization disor-
der showed significantly lower metabolic
activity in right Brodmann’s areas 22 and

21 of the superior and middle temporal
gyri and had significantly higher metabo-
lism in parietal Brodmann’s areas 7B and
39 and left occipital Brodmann’s area 19.
Dissociation and depersonalization scores
among the subjects with depersonalization
disorder were significantly positively corre-
lated with metabolic activity in area 7B.

Conclusions: Depersonalization appears
to be associated with functional abnormal-
ities along sequential hierarchical areas,
secondary and cross-modal, of the sensory
cortex (visual, auditory, and somatosen-
sory), as well as areas responsible for an in-
tegrated body schema. These findings are
in good agreement with the phenomeno-
logical conceptualization of depersonaliz-
ation as a dissociation of perceptions as
well as with the subjective symptoms of
depersonalization disorder.

(Am J Psychiatry 2000; 157:1782—-1788)

Although depersonalization disorder is one of the
four major dissociative disorders, it is a poorly researched
condition, and very little is known about its biological un-
derpinnings. The hallmark of depersonalization is an al-
tered subjective experience regarding the familiarity of
self and surroundings, a dissociation of perceptions with
intact reality testing. Thirty subjects with DSM-III-R de-
personalization disorder have been described (1), showing
a mean age of onset in adolescence, an often chronic un-
remitting course associated with significant morbidity,
frequent comorbidity with mood and anxiety disorders
but no consistent association with any such disorder, and
poor response to pharmacotherapy with the possible ex-
ception of benzodiazepines and selective serotonin re-
uptake inhibitors (SSRIs). Neuropsychological testing has
revealed selective deficits in attention, short-term mem-
ory, and spatial reasoning (2).

The neurochemistry of depersonalization is poorly un-
derstood and does not provide clear indication of a neu-
roanatomical center. Depersonalization can be induced in
subjects not suffering from the disorder by means of a
pharmacological challenge with tetrahydrocannabinol
(THC) (3) or the partial serotonin agonist m-CPP (4). At-
tempts at localizing depersonalization, although not in
depersonalization disorder per se (5-12), have yielded
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contradictory results regarding activation, laterality, and
regional involvement. Half a century ago, Penfield and
Rasmussen (13) noted “illusions of unfamiliarity, strange-
ness and remoteness,” the descriptions of which reflect
typical depersonalization experiences. They claimed that
these perceptual illusions could be produced by stimula-
tion of the cortex only in the temporal region, perhaps ex-
tending somewhat into the occipital cortex (p. 173). In
“G.A.,” “queer sensations of not being present and floating
away” were produced by stimulation of the superior tem-
poral gyrus. “D.A.” experienced illusions of being “far off
and out of this world,” produced by stimulation of the mid-
dle temporal gyrus. It is of interest that Penfield and Ras-
mussen postulated that depersonalization states involve
an “alteration in the usual mechanism of comparison of
immediate sensory perception with memory records.”
Some lines of evidence are consistent with this temporal
lobe hypothesis of depersonalization. The epilepsy litera-
ture describes depersonalization with seizures. In a series
of 32 cases, 11 manifested depersonalization, four with a
left-sided focus, three with a right-sided focus, and four
with general dysrhythmia (5). In another series of 71 epi-
leptic patients in whom dissociative symptoms were quan-
tified, depersonalization was most commonly induced by
partial complex seizures, more so with left-sided foci, but
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TABLE 1. Demographic and Baseline Neuropsychological Characteristics of Eight Patients With Depersonalization Disorder

and 24 Healthy Comparison Subjects

Patients With

Healthy Comparison

Depersonalization Disorder Subjects Analysis

Characteristic Mean SD Mean SD t df p
Age (years) 41.00 8.67 41.63 9.45 0.17 30 0.87
Education (years) 15.25 1.83 15.88 2.66 0.62 30 0.54
WAIS vocabulary score 23.25 2.71 20.38 5.44 -1.42 27 017
Wisconsin Card Sorting Test

Number of categories 4.13 2.42 5.43 1.66 1.66 27 0.11

Number of errors 22.88 18.64 13.10 9.70 1.86 27 0.07

Percentage of perseverative errors 19.19 13.41 12.09 6.65 1.92 27 0.07
Benton Line Orientation score 25.75 3.01 23.71 6.02 0.91 27 0.37
Finger Tapping Test score

Right hand 42.25 9.92 42.42 9.26 0.04 27 0.97

Left hand 35.18 6.51 40.74 9.04 1.58 27 0.13
Verbal fluency scores

Controlled Oral Word Association Test, corrected 39.75 9.47 47.57 13.74 1.47 27 0.15

Animal naming 23.13 7.34 19.05 5.38 -1.61 27 0.13

Dissociative Experiences Scale scores were modest com-
pared to those of patients with psychiatric dissociative dis-
orders (6). In a single case study of a patient with primary
depersonalization disorder, brain electrical mapping re-
vealed left hemispheric frontotemporal activation (14).

A neurobiological model of depersonalization proposed
recently by Sierra and Berrios (15) is theoretically extrapo-
lated from the experiential narratives of depersonalized
subjects, the neurological literature, and findings in cogni-
tive neuroscience. Its basic premise is bilateral corticolim-
bic disconnection with prefrontal activation and limbic
inhibition resulting in hypoemotionality and attentional
difficulties. To our knowledge, this model has not been
subjected to empirical examination of the frontal cortex
and limbic system in depersonalization disorder.

In addition, the subjective symptoms encountered in
depersonalization disorder are overwhelmingly percep-
tual in nature, involving primarily the visual and soma-
tosensory modalities. Therefore, examination of sensory
activity in the parietooccipital cortex would be of great
interest.

In summary then, the goal of the present study was to
localize brain function abnormalities associated with de-
personalization disorder, with a particular focus on the
temporal lobe hypothesis, the frontolimbic disconnec-
tion hypothesis, and the function of the sensory cortical
network.

Method

Subjects

Four male and four female subjects with DSM-IV depersonaliz-
ation disorder were recruited. All met the criteria for the disorder
as assessed by a semistructured clinical interview as well as by the
Structured Clinical Interview for DSM-1V Dissociative Disorders
(16). DSM-1V stipulates that in order to meet the diagnostic crite-
ria for depersonalization disorder, an individual must experience
persistent or recurrent depersonalization that leads to significant
distress and/or dysfunction and does not exclusively occur in the
context of another disorder, for example, depressive episodes,
panic attacks, substance abuse, or temporal lobe epilepsy. Demo-
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graphic characteristics are included in Table 1. Mean age at onset
was 17.6 years (SD=13.5, range=3-41), with a mean duration of
246 months (SD=198, range=14-480). The course of the disorder
was continuous from onset in seven subjects; one subject had ep-
isodic depersonalization from age 6-12, which then became con-
tinuous. All subjects were therefore experiencing depersonaliz-
ation at the time of imaging. Some typical descriptions of
depersonalization experiences by these subjects included feeling
“off base,” “under water,” “floating,” “like a dead person,” as if
“I'm here but not here,” “detached from my body,” “going
through the motions,” “like a robot,” “emotionless,” in a “brain
fog,” and “like my mind is a blank.” Derealization often accom-
panied depersonalization: “like a big pane of glass between me
and the world,” “invisible filters,” and “detached from the envi-
ronment.” Dissociative symptoms were quantified by the Disso-
ciative Experiences Scale (17) and its depersonalization factor
(18). Subjects had a mean Dissociative Experiences Scale score of
21.4 (SD=8.7) and a mean Dissociative Experiences Scale deper-
sonalization score of 52.2 (SD=25.1). Five subjects had never re-
ceived psychotropic treatment; one subject had transiently re-
sponded to imipramine. The symptoms of this subject plus two
others had been refractory to several medications including
SSRIs, bupropion, lithium, stimulants, benzodiazepines, ven-
lafaxine, monoamine oxidase inhibitors, typical and atypical
antipsychotics, and buspirone. Four subjects received weekly
psychotherapy for 1-3 years; they typically described the therapy
as helpful in other respects but not with the alleviation of deper-
sonalization symptoms.

Subjects with depersonalization disorder were matched in a 1:
3ratio to 12 male and 12 female healthy comparison subjects who
were free of lifetime axis I and axis II disorders and were without
family psychiatric histories in first-degree relatives. Their demo-
graphic characteristics are included in Table 1. Subjects in both
groups were free of medical and neurological illness, were medi-
cation-free for at least 6 weeks, and had normal results from base-
line routine laboratory evaluations, including a negative toxicol-
ogy screening and pregnancy test. Subjects gave written informed
consent after listening to a complete description of the study and
were compensated for their participation.

All subjects were right-handed on the basis of the Edinburgh
Handedness Inventory (19). In order to compare neuropsycho-
logical functioning, a brief neuropsychological battery was ad-
ministered to all subjects, with the exception of three healthy
comparison subjects. The abbreviated vocabulary subtest of the
WAIS is the best single correlate with general IQ (20). The Wiscon-
sin Card Sorting Test (21) measures problem solving, executive
functioning, and cognitive flexibility. The Benton Line Orienta-
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tion (22) measures visuospatial perception that does not rely on
memory. The Finger Tapping Test (23) measures motor speed and
finger dexterity for each hand. The Controlled Oral Word Associa-
tion Test and the animal naming test measure verbal fluency (24).
The two groups did not significantly differ on any of these tests
(Table 1).

Imaging Procedures

Positron emission tomography (PET) scans were obtained
with a head-dedicated scanner (model 2048, GE Medical Sys-
tems, Madison, Wis.) with a measured resolution of 4.5 mm in
plane (4.2-4.5 across 15 planes) and 5.0 mm axially. Two sets of
15 images were acquired to achieve a 16-cm axial field of view.
PET images were reconstructed with blank and transmission
scans for measured attenuation correction by using the Hanning
filter (width=3.15 mm). As a control for mental activity during the
35-minute [18F]ﬂuorodeoxyglucose (FDG) uptake period, the
subjects were given a variant of the California Verbal Learning
Test modified for use in an imaging experiment, which was de-
scribed in greater detail elsewhere (25). Sixteen word lists were
serially presented on a screen; there were 2-second interword in-
tervals and four semantic categories. Subjects read the words
aloud, and after each presentation, they were asked to recall the
words as best as they could. Each list was presented five times;
and a total of four lists were used to fill the entire 35-minute up-
take period. Ears were not plugged, and the test was adminis-
tered in a darkened, sound-attenuated room. The two groups did
not differ in performance (number correct—subjects with deper-
sonalization disorder: mean=11.93, SD=2.07; healthy compari-
son subjects: mean=12.89, SD=1.52; t=1.43, df=30, p=0.16) (per-
severations—subjects with depersonalization disorder: mean=
0.62, SD=0.54; healthy comparison subjects: mean=0.87, SD=
1.11; t=0.60, df=30, p=0.55) (intrusions—subjects with deperson-
alization disorder: mean=0.08, SD=0.12; healthy comparison
subjects: mean=0.07, SD=0.06; t=0.36, df=30, p=0.72) (semantic
clustering—subjects with depersonalization disorder: mean=
7.46, SD=3.02; healthy comparison subjects: mean=7.51, SD=
2.34; t=0.05, df=30, p=0.96).

All participants received a magnetic resonance imaging (MRI)
scan that was used as an anatomical template. For each partici-
pant, the same individually molded thermoplastic face mask was
used during both PET and MRI scans to keep the head stationary
and to permit accurate coregistration of PET and MRI images.
MRI axial acquisitions were acquired with a 1.5-T Signa 5x system
(GE Medical Systems, Madison, Wis.) with the following parame-
ters: TR=24 msec, TE=5 msec, flip angle=40x, slice thickness=1.2
mm, pixel matrix=256 x 256, and field of view=23 cm. MRIs were
segmented by using a point of rarity between gray and white val-
ues in the intensity histogram, and segmentation was validated
by stereological measurement and test-retest reliability across 16
independent scans performed 8 weeks apart.

Once all the PET and MRI images were coregistered by a
method previously described (25), an analysis of relative glucose
metabolism by Brodmann’s areas was conducted. This was car-
ried out on coronal slices on the basis of a digitized version of an
atlas that includes 33 coronal slice maps of Brodmann’s areas de-
fined by microscopic examination of a single entire postmortem
brain (RH Perry, AE Oakley, and EK Perry, personal communica-
tion, 1996). The technique by which nine prefrontal Brodmann’s
areas were stereotactically assessed has been detailed elsewhere
(26). Similar procedures were employed to assess the other Brod-
mann’s areas. Six separate analyses of functionally distinct brain
areas were conducted for the prefrontal cortex, precentral cortex,
cingulate gyrus, temporal lobe, parietal lobe, and occipital lobe.
In addition, given that multisensory perceptual alterations are a
hallmark symptom of depersonalization, we compared the two
groups in total brain sensory cortical activity.
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The dependent measure for all PET data analyses was relative
glucose metabolic rate, expressed as the mean activity value in
nanocuries, for all gray matter pixels in each of the cortical re-
gions of interest, divided by the mean activity value for the whole
brain.

Statistical Analyses

Because we were evaluating frontal, temporal, and parietooc-
cipital hypotheses, we chose cortical surface analysis methods
rather than slice statistical probability mapping. A three- or four-
way mixed factorial analysis of variance (ANOVA) design was em-
ployed for each primary analysis. The first variable consisted of
the two subject groups, and the remaining variables were all re-
peated measures consisting of the two hemispheres and Brod-
mann’s areas. For the prefrontal and temporal analyses, a hierar-
chical grouping of adjacent cortical areas referred to as regions
was used (Table 1). For the cingulate, precentral, parietal, and oc-
cipital analyses, only one level of repeated measures was used. All
analyses involving repeated measures with more than two levels
used Greenhouse-Geisser epsilon corrections to adjust probabili-
ties for repeated measures F values. For each ANOVA, if a higher-
order interaction effect was statistically significant, we then ex-
amined lower-order effects by post hoc tests.

Within the depersonalization disorder group, Pearson’s corre-
lations were performed between dissociation scores and relative
glucose metabolic rates for Brodmann’s areas that differed signif-
icantly from those of the healthy comparison group. All analyses
were two-tailed.

Results

Each analysis was examined for main effect of group
and for all higher-order interaction effects. Results are
summarized in Table 2, and findings were as follows. No
statistically significant differences were found for the pre-
frontal cortex, precentral cortex, or cingulate cortex.

The temporal lobe was subdivided into medial and
lateral regions, each with five Brodmann’s areas. There was
a significant group-by-hemisphere-by-region interaction
and a significant group-by-hemisphere-by-region-by-
Brodmann'’s area interaction (Table 2). Post hoc compari-
sons revealed that the depersonalization disorder group
had significantly lower metabolic rates in area 22 of the
right superior temporal gyrus (subjects with depersonal-
ization disorder: mean=1.06, SD=0.06; healthy compari-
son subjects: mean=1.11, SD=0.06; t=2.24, df=30, p<0.05)
and in area 21 of the middle temporal gyrus (subjects with
depersonalization disorder: mean=0.99, SD=0.05; healthy
comparison subjects: mean=1.04, SD=0.05; t=2.61, df=30,
p=0.01).

The parietal lobe revealed a significant group-by-Brod-
mann’s area interaction (Table 2). Post hoc between-
group comparisons by Brodmann’s area revealed signifi-
cantly higher metabolic rates in the depersonalization
disorder group for areas 7B and 39 (Figure 1 and Table 2).
There was a significant positive correlation of relative glu-
cose metabolic rate with total Dissociative Experiences
Scale score and Dissociative Experiences Scale deperson-
alization score for area 7B (r=0.84, df=6, p<0.01, and r=
0.74, df=6, p<0.05, respectively).
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TABLE 2. Regional Brain Metabolism in Patients With De-
personalization Disorder and Healthy Comparison Subjects

Relative Rate of Glucose Metabolism
(region/whole brain) (nCi)

Patients With
Depersonalization
Disorder (N=8)

Healthy Comparison
Subjects (N=24)

Brodmann’s Area Mean SD Mean SD
Prefrontal cortex
Lateral
Area 8 1.06 0.09 1.10 0.07
Area 46 1.23 0.11 1.21 0.12
Area 10 0.91 0.11 0.91 0.11
Medial
Area 9 1.21 0.08 1.22 0.09
Area 24 1.09 0.09 1.09 0.08
Area 32 1.14 0.06 1.16 0.07
Orbital
Area 11 0.97 0.08 1.02 0.08
Area 12 1.03 0.10 1.10 0.09
Area 47 0.97 0.10 1.03 0.12
Precentral cortex
Area 4 0.99 0.05 0.97 0.06
Area 6 1.01 0.07 0.99 0.06
Cingulate gyrus
Area 25 0.90 0.11 0.97 0.06
Area 24 1.09 0.09 1.09 0.08
Area 23 1.05 0.06 1.08 0.10
Area 29 0.77 0.16 0.72 0.19
Temporal lobe?
Area 37 0.88 0.07 0.89 0.06
Medial
Area 20 0.83 0.04 0.85 0.07
Area 36 0.91 0.07 0.91 0.06
Area 28 0.88 0.07 0.89 0.06
Area 34 0.84 0.08 0.84 0.08
Area 35 0.91 0.07 0.91 0.06
Lateral
Area 38 0.79 0.09 0.83 0.08
Area 21 0.96 0.05 1.00 0.06
Area 22 1.00 0.06 1.02 0.05
Area 41 0.86 0.07 0.89 0.09
Area 42 0.95 0.06 0.95 0.07
Parietal lobeP
Area 3 1.04 0.05 1.08 0.07
Area 7A 0.91 0.13 0.95 0.10
Area 7B¢ 1.02 0.10 0.94 0.10
Area 394 0.81 0.06 0.77 0.06
Area 40 1.00 0.09 1.02 0.08
Area 31 1.07 0.06 1.13 0.09
Occipital lobe®
Area 17 1.24 0.07 1.24 0.07
Area 18 1.14 0.06 1.14 0.07
Area 19 0.89 0.05 0.85 0.07

2 Significant group-by-hemisphere-by-region interaction (F=7.38, df=
1, 30, p=0.01) and group-by-hemisphere-by-region-by-Brodmann’s
area interaction (F=2.85, df=2.77, 82.97, p<0.05).

b Significant group-by-Brodmann’s area interaction (F=5.20, df=
3.11, 93.18, p=0.002).

¢ Significant difference between groups shown by post hoc test (F=
4.13, df=1, 30, p=0.05).

dSignificant difference between groups shown by post hoc test (F=
5.40, df=1, 30, p<0.05).

€ Significant group-by-hemisphere interaction (F=4.21, df=1, 30,
p<0.05) and group-by-hemisphere-by-Brodmann’s area interaction
(F=3.74, df=1.92, 57.47, p<0.05).

The occipital lobe revealed a significant group-by-hemi-
sphere interaction effect and a significant group-by-hemi-
sphere-by-Brodmann’s area interaction (Table 2). Post hoc
comparisons revealed a significant group-by-Brodmann’s
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FIGURE 1. PET Images of the Brains of a Healthy Compari-
son Subject and a Patient With Depersonalization Disorder
at Two Consecutive Levels in the Parietal Lobe?

Patient

Normal Subject

2 Higher relative metabolic activity (region/whole brain) in the pa-
tient with depersonalization disorder occurred in the parietal asso-
ciation areas in more dorsal (Brodmann’s area 7B) and ventral
(Brodmann’s area 39) regions.

area interaction for the left occipital lobe (F=3.28, df=1.62,
48.54, p=0.05); left area 19 was significantly more active in
the depersonalization disorder group (subjects with de-
personalization disorder: mean=0.90, SD=0.05; healthy
comparison subjects: mean=0.83, SD=0.07; t=2.37, df=30,
p<0.05).

Subsequently, an analysis of the whole brain sensory as-
sociation cortex was conducted, organized into four func-
tional associative regions consisting of two Brodmann’s
areas each (temporal areas 22 and 37, occipital areas 18
and 19, parietal multimodal areas 39 and 40, and parietal
somatosensory areas 7B and 23). There was a significant
group-by-hemisphere interaction (F=5.49, df=1, 30,
p<0.05), with a tendency for depersonalization subjects to
have more active association areas in the left hemisphere.
There was also a significant group-by-associative-region-
by-Brodmann’s area interaction (F=4.78, df=1.78, 53.26, p=
0.01), demonstrating that depersonalization disorder sub-
jects had an extensive pattern of altered metabolic activity
in the major sensory association areas across brain lobes.

Discussion

The main findings of this first (to our knowledge) func-
tional imaging study of depersonalization disorder point
to metabolic abnormalities primarily in the posterior cor-
tex. Subjects with depersonalization disorder differed in

1785



DEPERSONALIZATION DISORDER

relative glucose metabolic rate from comparison subjects
in portions of the sensory cortex in the temporal, parietal,
and occipital lobes. These specifically included right tem-
poral area 22 (auditory association area), parietal areas 7B
(somatosensory association area) and 39 (multimodal as-
sociation area), and left occipital area 19 (visual associa-
tion area). Depersonalization disorder subjects were char-
acterized by greater activity than comparison subjects in
all these areas, with the exception of area 22, where activ-
ity was lower. Analyses of the relative glucose metabolic
rate in whole brain sensory cortex confirmed an extensive
pattern of significant between-group differences.

These data do not support the primacy of temporal lobe
phenomena in depersonalization, described in the intro-
duction (5, 6, 13, 14), but rather, they implicate more ex-
tensive associational brain networks, given the prominent
occipital and parietal findings. The perceptual alterations
that are hallmark symptoms of depersonalization prmarily
involve two sensory modalities, visual and somatosensory,
although auditory disturbances can also be described.
There is a hierarchy of sensory processing in the brain,
from primary sensory areas to unimodal and then poly-
modal association areas and finally to the prefrontal cortex
(27). Unimodal association areas showed more activity in
depersonalization disorder subjects, both in occipital area
19 of the prestriate visual cortex and parietal area 7B,
which is believed to be central to high-order integration
within the somatosensory system (28). Dissociation and
depersonalization scores showed a strong positive correla-
tion with area 7B activity. Multimodal sensory integration
occurs in the region of the parietal-temporal-occipital
junction or the inferior parietal lobule (27, 29). Area 39,
which corresponds to the angular gyrus and is implicated
in somatosensory-visual-auditory integration, was again
more active in depersonalization disorder subjects.

It is, however, possible that the differences in metabolic
activity identified in this study were somehow related to
the task performance itself, although the absence of per-
formance differences on the verbal memory task adminis-
tered during FDG uptake renders this less likely. In addi-
tion, since greater prefrontal activation was not seen in
depersonalization, a stronger effort by the depersonal-
ization disorder subjects to achieve similar task scores ap-
pears a less likely explanation (30). It is possible that the
greater activation observed in depersonalization disorder
reflects compensatory adjustment (31), as processing is
shifted from right temporal lobe areas 22 and 21 to pari-
etooccipital regions. Such a shifting of cognitive function
has been observed with aging (25, 32, 33).

The altered subjective experience of the relationship of
the self to the physical body is a uniquely fascinating as-
pect of depersonalization disorder, as elaborately de-
scribed by Schilder (34). Individuals with deperson-
alization disorder commonly feel detached from their
physical selves. Disturbances of body schema are prima-
rily based at the parietal-occipital junction around the an-
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gular gyrus, where visual and somatosensory information
is integrated to provide an intact well-integrated body im-
age (35), which again includes area 39. Indeed, Ackner (36)
described inferior parietal and angular tumors manifest-
ing with depersonalization. Maximum overlap of struc-
tural lesions in neurology patients suffering from neglect
has been found to concentrate in the right inferior parietal
lobule (37). We speculate that body schema distortions
characteristic of depersonalization might be more subtle,
functionally based, less neurologically damaged versions
of well-known parietal lobe neurological syndromes such
as neglect, finger agnosia, and hemidepersonalization.
The psychiatric version might be characterized by an “as
if” quality to the experience of bodily detachment,
whereas in the neurological version, entire body parts or
sides are treated as truly absent or not part of the self.

Additional subjective depersonalization experiences
might be accounted for by the dysfunctional areas local-
ized in this study. Depth perception is associated with the
visual association cortices of areas 18 and 19 (38) and with
the parietal association cortex (39). This might explain the
flattened, two-dimensional perspective commonly de-
scribed in depersonalization. Visuoconstructive abilities
such as block constructions and the block design subtest
of the WAIS have been localized to the posterior parietal
area (38), and dysfunction here could be associated with
the inferior WAIS block design performance in deperson-
alization (2). Subjects with depersonalization sometimes
describe difficulty evoking visual imagery, which is
thought to be mediated by visual association areas 18 and
19 and by higher-order visual cortical centers at the occip-
ital-temporal-parietal junction (38).

There have been several studies addressing the possible
nature and localization of brain dysfunction associated
with the symptom of depersonalization (7-12), although
not in subjects with depersonalization disorder. Deper-
sonalization is a common sequel to traumatic head injury,
and it appears more likely to occur after mild injury and
with high comorbidity for posttraumatic stress disorder,
suggesting that predictable anatomical correlates are un-
likely in this population (7). In a single subject without
other psychiatric history, a quantitative EEG of alcohol-in-
duced transient depersonalization revealed generalized
slowing attributed to metabolic encephalopathy (8). In
contrast to subjects with panic disorder without deper-
sonalization, subjects with depersonalization during
panic attacks show bilateral unresponsiveness and slow-
ing on EEG during normally expected, odor-stimulated
temporolimbic activation (9).

We located three functional imaging studies describing
the induction of depersonalization in healthy volunteers.
Intravenous infusion of THC in 59 subjects resulted in an
increase in global cerebral blow flow, most pronounced in
the right hemisphere, frontal lobes, and anterior cingu-
late, with a relative decrease in subcortical structures (10).
THC-induced depersonalization was significantly posi-
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tively correlated with right frontal and right cingulate
blood flow. The authors proposed that depersonalization
may be a state of heightened activation and emotional
consciousness resulting from a cingulate-mediated decou-
pling between cortical and subcortical structures. In a PET
study of psilocybin-induced psychosis in seven healthy
volunteers, increases in ventral striatum dopamine signifi-
cantly correlated with depersonalization (11). However,
depersonalization did not appear to be a pure state but
rather was associated with significant mood and psy-
chotic-like disturbances. Similarly, in a PET study of
amphetamine-induced manic-like states in 10 healthy vol-
unteers, there was a widespread increase in cerebral me-
tabolism that was significant for the anterior cingulate,
striatum, and thalamus (12), but again, mood changes
were more prominent than depersonalization.

These studies taken together yield interesting but con-
tradictory results regarding brain changes associated with
depersonalization, including laterality versus bilaterality,
activation versus slowing, localization versus diffuseness,
and the regions possibly implicated, such as the frontal,
temporal, anterior cingulate, and subcortical areas. These
discrepancies could be due to methodological differences
as well as sample heterogeneity, i.e., subjects experiencing
depersonalization as a symptom in the context of another
condition such as epilepsy, encephalopathy, traumatic
brain injury or panic disorder, or normal subjects undergo-
ing chemical induction of depersonalization, among other
symptoms, by means of various pharmacological agents. It
is unclear whether all of these states are phenotypically
equivalent to primary depersonalization disorder.

A theoretically extrapolated neurobiological model of de-
personalization was proposed recently by Sierra and Ber-
rios (15). Its basic premise is bilateral corticolimbic dis-
connection, with left medial prefrontal activation and
reciprocal amygdala inhibition resulting in hypoemotional-
ity and decreased arousal, and right dorsolateral prefrontal
activation with reciprocal anterior cingulate inhibition
leading to hypervigilance, attentional difficulties, and mind
emptiness. Our own data did not demonstrate changes in
prefrontal or cingulate activity and thus do not lend sup-
port to this model. Some of the studies previously summa-
rized support the model with regard to prefrontal activation
and amygdala inhibition (10), whereas findings of cingulate
activation (10, 12) contradict the model. Sierra and Berrios
also suggested that in order to explain how depersonaliz-
ation can be sensory-modality specific in different patients,
the putative disconnection may occur at an earlier stage of
emotional processing; such an hypothesis is more in accor-
dance with the sensory cortical findings of this study.

In conclusion, the findings of this first (to our knowl-
edge) functional imaging study of depersonalization dis-
order suggest abnormalities primarily along sequential hi-
erarchical areas, unimodal and cross-modal, of the visual,
somatosensory, and auditory processing pathways, as well
as in areas responsible for an integrated body schema.
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They seem to be in good concordance with the phenome-
nological conceptualization of depersonalization disorder
as the dissociative disorder in which there is a failure to in-
tegrate perception with the sense of self, as well as with
specific experiences that subjects describe. Further clarifi-
cation of the role of the limbic system and the amygdala,
in particular, is needed, as affective memory connections
to past experience could play an important role in making
new perceptions feel familiar and real (40). The limitations
of this study include the relatively small study group size,
the use of a memory rather than a depersonalization in-
duction task, and the use of relative rather than absolute
metabolic rate of glucose. Depersonalization is a relatively
rare disorder, but we have increased the study’s statistical
power by adding a larger group of age- and sex-matched
healthy comparison subjects. The study would have re-
quired 44 patients for it to be able to detect a group dif-
ference in the dorsolateral prefrontal cortex given the ob-
served effect size, but we did confirm parietal, occipital,
and temporal lobe differences that had much larger effect
sizes. We considered a variety of cognitive or introspective
tasks, but the validity and reliability of memory tasks, task
applicability to healthy comparison subjects, and more-
over, the possible relationship of memory function to the
illusion of unfamiliarity recommended the current task.
Last, we examined metabolism relative to whole brain
metabolic rate rather than absolute rate, in micromoles
per 100 grams per minute. This analysis of ratio numbers
allows individual differences in global brain metabolic
rates to be removed, a correction made with either ratios
or linear covariance in a large majority of current reports.
If a small number of small areas had similar values in ab-
solute metabolic rates in both groups while the remaining
large areas of the brain had higher metabolic rates in the
patient group, misleading lower rates in the small areas
could possibly be reported for patients. However, it is well
known that sensory task activation tends to be expressed
with greater statistical power when correction for global
brain variation is removed. Higher test-retest correlations
over time have been observed with ratio than with abso-
lute metabolic rate data (41), as well as with blood flow
data from single photon emission computed tomography
(42), suggesting that ratio data are appropriate for exami-
nation of regional metabolic trait differences between
groups. Furthermore, the nature of the limited and spe-
cific behavioral deficits of depersonalization do not sug-
gest a large and diffuse cortical change but rather one fo-
cused on limited cortical areas, as noted earlier.
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