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Abstract

ŽWe evaluated regional cerebral blood flow in five patients with conversion disorder three females, two males,
.mean age"S.D.: 29.8"9.5 years with astasia-abasia. The patients underwent single photon emission computed

w99m xtomography after the injection of 555 MBq of Tc hexamethylpropyleneamine oxime. Uptake ratios between areas
of decreased perfusion and normal brain regions were considered significantly decreased when there was a change
G10%. Four of the five patients had left temporal and one patient had left parietal perfusion decreases. Uptake

Ž .ratios ranged from 0.72 to 0.88 mean"S.D.: 0.81"0.08 . Our findings suggest that alterations in regional brain
perfusion may accompany conversion symptoms. Functional imaging may therefore offer a means of elucidating the
neural correlates of conversion disorder. Q 1998 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Conversion symptoms are defined as symptoms
that are suggestive of neurologic disease but lack
confirmation from physical examination, labora-
tory tests, and radiographic and other imaging

Ž .studies Boffeli and Guze, 1992 . Although con-
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version symptoms may occur in individuals with-
out any obvious psychiatric disorder, they fre-
quently accompany a variety of psychiatric condi-
tions, including depression and antisocial person-

Ž .ality disorder Boffeli and Guze, 1992 . Patients
with somatization disorder have been reported to
have an excess of conversion symptoms and sec-

Ž .ondary depression Guze et al., 1971 , but the
relationship between primary affective disorder
and conversion symptoms has not been well stud-
ied.

0925-4927r98r$ - see front matter Q 1998 Elsevier Science Ireland Ltd. All rights reserved.
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Although prior imaging studies have implicated
dominant hemisphere mechanisms in conversion
disorder, cerebral perfusion changes have not yet
been extensively studied. Recently, Tiihonen et

Ž .al. 1995 published a provocative case report
describing regional cerebral blood flow abnormal-
ities in a patient with conversion symptoms. Be-
cause their preliminary findings raise the issue of
whether conversion symptoms may be associated
with cerebral perfusion changes and asymmetric
hemispheric involvement, we carried out single

Ž .photon emission computed tomography SPECT
w99m xwith Tc hexamethylpropyleneamine oxime

Ž .HMPAO in a small group of patients with asta-
sia-abasia.

2. Methods

2.1. Subjects

ŽFive consecutive patients three females, two
.males; mean age"S.D.: 29.8"9.5 years with

astasia-abasia were included in the study. The
patients fulfilled DSM-III-R criteria for conver-

Žsion disorder American Psychiatric Association,
.1987 and were right-handed as determined by

Ž .the Edinburgh Inventory Oldfield, 1971 . All
patients were free of medication at the time of
the imaging studies.

2.2. Imaging

All patients underwent brain SPECT imaging
following the administration of 555 MBq of
w99m xTc HMPAO. SPECT was performed using a
dual-head gamma camera equipped with a low
energy high resolution collimator, at 3608 for 128
30-s views with a matrix size of 64=64=16.
SPECT projections were reconstructed using a
filtered back-projection technique with a Gauss-
ian filter, a cut-off frequency of 0.5, and an order
of 20. Following attenuation correction, images
were displayed in coronal, sagittal and transverse
slices. The uptake ratios of radiotracer in the

Ž .areas of perfusion defects lesion were compared
with the normal contralateral cortical areas
Ž . Ž .background using a region of interest ROI

technique in sequential transverse slices. If perfu-
sion defects were noted bilaterally in the same
location, the background area was chosen in an
adjacent normal cortical field. The uptake ratios
of lesionrbackground were considered signifi-
cantly decreased when there was a change G10%
in areas of decreased perfusion as compared with
normal brain regions.

All patients had contemporaneous magnetic
Ž .resonance imaging MRI studies of the brain

performed on admission.

2.3. Somatosensory e¨oked potentials

Ž .Somatosensory evoked potentials SEPs were
obtained following electrical stimulation of the
posterior tibial nerve on admission in all patients.
In two patients who showed SEP abnormalities
on initial admission, repeat SEPs were performed

Ž6 months later during clinical remission patients
.3 and 5 .

3. Case reports

3.1. Case 1

An otherwise healthy 22-year-old single female
had not been able to walk or speak since the
occurrence of a fainting episode at a cemetery 2
weeks before her admission. The patient could
communicate only in writing. Her answers were
relevant, and her thought processes appeared
normal. She ascribed her paralysis to a nervous
breakdown induced by extreme fear and a recent
death in the family. Within the preceding 2
months, she had experienced loss of appetite and
sleep deprivation. Although the patient’s physical
examination was unremarkable, she had weakness
in her lower extremities on neurological examina-
tion. The severity of muscle weakness varied upon
suggestion. Deep tendon reflexes were symmetri-
cal, and no pathologic reflexes were elicited. MRI
did not reveal any cerebral abnormalities. SEPs
were normal bilaterally. SPECT revealed de-

Žcreased perfusion in her left parietal lobe le-
. Ž .sionrbackground: 0.81 Fig. 1a . Sertraline was

prescribed to treat the patient’s mild depression.
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Fig. 1. Transverse SPECT slices from five patients with con-
Ž .version disorder: a Case 1, low perfusion in left parietal lobe;

Ž . Ž .b Case 2, low perfusion in temporal lobes bilaterally; c
Ž .Case 3, low perfusion in left temporal lobe; d Case 4, low

Ž .perfusion in left temporal and parietal lobes; and e Case 5,
low perfusion in left temporal lobe. Arrows indicate areas of
low perfusion. Right side of image is left side of brain in
accord with radiological convention.

On her second weekly visit, she was able to speak,
and by the end of the third week her astasia-abasia
disappeared.

3.2. Case 2

A 24-year-old male worker experienced a se-
vere headache and weakness in his legs 1 week
before admission. The neurologist whom the

patient had consulted in his hometown attributed
these symptoms to a nervous breakdown and ex-
pected a quick recovery. Following daily injec-
tions of an unknown medication prescribed by the
neurologist, the muscle weakness in his right leg
had gradually improved while there was no appre-
ciable change in his left leg. Subsequently, the
patient was referred to our hospital with a diag-
nosis of hysterical paraparesis. On admission, he
was using a crutch, but neurological examination
revealed no asymmetries or pathological reflexes.
The findings on cranial MRI were normal. Since
no information was available about the medica-
tion he had received, 1 week was allowed for the
drug to wash out before the SPECT examination
was performed. Although the patient’s symptoms
persisted during this initial period, his level of
anxiety decreased. SPECT demonstrated low per-

Žfusion in his temporal lobes, bilaterally left and
right lesionrbackground: 0.85 and 0.88, respec-

. Ž .tively Fig. 1b . One month after his first symp-
toms had appeared, the patient attained a com-
plete recovery.

3.3. Case 3

A 34-year-old male carpenter had been free of
emotional problems except for his reported mor-
bid jealousy. His past history was significant for a
car accident that had occurred 6 months before
admission. Initially, he had not been able to speak
and also started having fainting spells after this
incident. However, repeated electroencephalo-
grams proved unremarkable. Cranial computed
tomography and MRI were negative. On his first
admission, the patient refused to receive electro-

Ž .convulsive therapy ECT and, following dis-
charge, was unable to walk without help. He was
referred to our clinic for further investigation. On
neurological examination, neither asymmetry nor
pathological reflexes were noted. SPECT exami-
nation revealed low perfusion in the left temporal

Ž . Ž .lobe lesionrbackground: 0.72 Fig. 1c . SEPs
were recorded on admission and 6 months later
during clinical remission. Initially, no potentials
could be obtained over the scalp, while spinal
potentials were normal in amplitude and latency,
bilaterally. In the second study, both spinalrscalp
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potentials and central conduction velocity were
normal. The patient’s motor symptoms improved
following an ECT series, but he never regained
his previous efficiency at work.

3.4. Case 4

A 25-year-old female had been in good health
and free of emotional problems. The youngest
daughter-in-law in a large farming family, she had
not been on good terms with her mother-in-law.
After a bitter quarrel, the patient was not able to
walk and consequently could not perform her
domestic chores on the farm. Since the patient’s
weakness still continued 1 month after her symp-
toms had first appeared, she was brought to the
neurology department. Neurologic and radiologic
examinations, including MRI, were unremark-
able. The patient was diagnosed with conversion
disorder. On psychiatric consultation, the patient
attributed the problems she was experiencing with
her legs to extreme exhaustion. SPECT examina-
tion showed low perfusion in the left temporal

Žand parietal lobes lesionrbackground: 0.81 and
. Ž .0.82, respectively Fig. 1d . SEPs were normal,

bilaterally. When the patient was discharged, she
continued having conversion symptoms but never
returned for a follow-up visit.

3.5. Case 5

A 46-year-old female maid presented to the
psychiatric ward in a wheelchair. On interview,
the patient claimed that she had been obliged to
walk for many hours to return home after she had
been abandoned by her employer’s wife. The fol-
lowing morning, her gait suddenly became knurly,
and she concurrently felt numbing in her mouth
associated with slurred speech. Because of these
symptoms, the patient was referred to the neu-
rology clinic. No spontaneous movements were
noted at the distals of her lower extremities.
Although the patient could not stand on her feet,
reflexes were symmetrical and no pathologic re-
flexes were elicited. The patient complained of
hypoesthesia in her lower extremities. Findings of
both neurological examination and cranial MRI
were unremarkable. The patient was diagnosed

with conversion disorder and referred to the psy-
chiatry clinic. SPECT examination demonstrated

Ždecreased uptake in the left temporal lobe le-
. Ž .sionrbackground: 0.80 Fig. 1e . SEPs were ob-

tained on admission and 6 months later during
clinical remission. At admission, although spinal
SEPs were normal in amplitude and latency, bi-
laterally, no potentials could be obtained over the
scalp. Spinalrscalp potentials and central conduc-
tion velocity were completely normal 6 months
later.

4. Discussion

There have been several speculations about the
underlying mechanisms of conversion symptoms.

Ž .Gowers 1888; cited in Slater, 1965 proposed that
although the primary derangement in hysteria
was in the higher cerebral centers, the functions
of the lower centers might be secondarily dis-

Ž . Ž .ordered Slater, 1965 . Janet 1901 postulated
that conversion symptoms were due to a selective
decrease in awareness of motor functions caused

Ž .by corticofugal inhibition. Ludwig 1972 ,
broadening Janet’s work, proposed that conver-
sion symptoms might result from increased corti-
cofugal inhibition of afferent stimuli. On the other

Ž .hand, according to Freud 1905 , painful affects
and their associated ideas were split off from
consciousness and converted into physical symp-
toms whereby the emotional energy would be
discharged over the pathway created. However,
the question of how special psychological
processes transmute into neurobiology has yet to
be answered.

Electrophysiological studies in patients with
conversion disorders date back several decades.

Ž .Hernandez-Peon et al. 1963 reported that SEPs
were absent in the affected arm in a patient with
hysterical anesthesia. This finding was considered
to support the hypothesis of increased inhibition
of afferent stimuli. In another study, reduced SEP
amplitude was obtained on the side of hysterical
hemianesthesia with sub-threshold stimulation,
while symmetric responses were obtained with

Ž .suprathreshold stimuli Levy and Mushin, 1973 .
However, this was not reproduced in other stud-

Žies Halliday and Masson, 1964; Kaplan et al.,
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.1985 . On clinical grounds, SEPs and motor
Ž .evoked potentials MEPS are currently being

used to discriminate between hysterical and neu-
Žrological conditions Kaplan et al., 1985; Morota

.et al., 1994 .
Using a battery of neuropsychological tests,

Ž .Flor-Henry et al. 1981 found impairments in
both dominant and non-dominant hemispheres in
patients presenting with multiple conversion
symptoms, but the impairment in the dominant
hemisphere was noted to be more severe. Also
reported in the literature was that some patients
with left cerebral hemisphere injuries or infarc-

Žtions might develop conversion symptoms Drake,
.1993 .

Since patients with conversion symptoms con-
stitute a heterogeneous group with variable out-
comes, in this study, we chose only those patients
who presented with astasia-abasia in order to
have a symptomatologically homogenous group.

Ž .Meares and Horvath 1972 have previously
reported a defect in habituation to auditory sti-
muli in patients with chronic but not with acute
conversion symptoms. This finding suggests that
there may be differences between pathophysio-
logic correlates of acute and chronic conversion
symptoms or subtle changes may be accentuated
in chronic cases. Based on this premise, we ac-
crued five consecutive patients with conversion
symptoms that persisted for at least 2 weeks.

Our observations of temporal and parietal per-
fusion defects in the dominant hemisphere were
in complete agreement with the structural find-

Ž .ings of Drake 1993 and with the neuropsycho-
Ž .logical findings of Flor-Henry et al. 1981 . Only

one patient was noted to have a right-sided tem-
poral perfusion defect in addition to a left-sided
temporal defect. The right-sided perfusion defect
may underlie the symptom of paresis in his left
leg, which persisted during imaging. This particu-
lar finding was similar to the report of Tiihonen

Ž .et al. 1995 who found an increased perfusion in
the night frontal lobe associated with hypoperfu-
sion in the right parietal region in a patient with
left-sided hysterical paresthesia and paralysis.

Although clinical symptoms were bilateral in
our patient group, perfusion defects were invari-
ably located in the dominant hemisphere. How-

ever, lateralization to the dominant hemisphere
in patients with other types of conversion symp-
toms and its implications remain to be investi-
gated. The perfusion defects observed in our
patients may indicate the presence of regional
cortical inhibition associated with conversion
symptoms. This finding may constitute imaging
evidence for the previously advocated hypothesis

Žof increased inhibition of afferent stimuli Ludwig,
.1972 .

One of the shortcomings of this study is the
limited number of patients, but only five patients
could be recruited over a 2-year interval since
only a small number of patients with conversion
symptoms present to psychiatric clinics. As more
data accumulate using sophisticated imaging
techniques, the definition of the conversion symp-
tom will probably be modified accordingly with
the exclusion of normal laboratory and imaging
findings.

In conclusion, these preliminary findings sug-
gest that alterations in regional cerebral blood
flow may accompany the expression of conversion
symptoms. However, the mechanisms involved in
the emergence of perfusion abnormalities need to
be assessed with further imaging techniques in a
larger number of patients.
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Altered central somatosensory
processing in chronic pain patients with

“hysterical” anesthesia
A. Mailis-Gagnon, MD; I. Giannoylis, BSc; J. Downar, BSc; C.L. Kwan, MSc; D.J. Mikulis, MD;

A.P. Crawley, PhD; K. Nicholson, PhD; and K.D. Davis, PhD

Abstract—Objective: The authors hypothesized that central factors may underlie sensory deficits in patients with
nondermatomal somatosensory deficits (NDSD) and that functional brain imaging would reveal altered responses in
supraspinal nuclei. Background: Patients with chronic pain frequently present with NDSD, ranging from hypoesthesia to
complete anesthesia in the absence of substantial pathology and often in association with motor weakness and occasional
paralysis. Patients with pain and such pseudoneurologic symptoms can be classified as having both a pain disorder and a
conversion disorder (Diagnostic and Statistical Manual of Mental Disorders–IV classification). Methods: The authors
tested their hypothesis with functional MRI (fMRI) of brush and noxious stimulation-evoked brain responses in four
patients with chronic pain and NDSD. Results: The fMRI findings revealed altered somatosensory-evoked responses in
specific forebrain areas. Unperceived stimuli failed to activate areas that were activated with perceived touch and pain:
notably, the thalamus, posterior region of the anterior cingulate cortex (ACC), and Brodmann area 44/45. Furthermore,
unperceived stimuli were associated with deactivations in primary and secondary somatosensory cortex (S1, S2), posterior
parietal cortex, and prefrontal cortex. Finally, unperceived (but not perceived) stimuli activated the rostral ACC. Conclu-
sions: Diminished perception of innocuous and noxious stimuli is associated with altered activity in many parts of the
somatosensory pathway or other supraspinal areas. The cortical findings indicate a neurobiological component for at least
part of the symptoms in patients presenting with nondermatomal somatosensory deficits.

NEUROLOGY 2003;60:1501–1507

Nondermatomal somatosensory deficits (NDSD) to
various cutaneous sensory modalities (touch, pin-
prick, cold) ranging from hypoesthesia to complete
anesthesia are often considered functional or psycho-
genic when they occur in the absence of substantial
pathology. They are often accompanied by unexplain-
able reduction or loss of vibration sense at the same
side.1 In chronic pain populations the prevalence of
NDSD varies between 25 and 40%1,2 but may be
higher in patients with compensable injuries.2 NDSD
are often associated with variable motor abnormali-
ties ranging from loss of dexterity to complete motor
paralysis.1

Inability to perceive stimuli could result from ab-
normalities within the central pathways mediating
touch or pain. The cortical targets of the touch and
pain pathways include the primary and secondary

somatosensory cortex (S1, S2), insula, and anterior
cingulate cortex (ACC). However, additional cortical
regions associated with attention, such as the poste-
rior parietal cortex (PPC), prefrontal cortex (PFC),
and the temporoparietal junction (TPJ), can also im-
pact on or be influenced by somatosensory process-
ing. Furthermore, attentional state can modulate
sensory-evoked responses.3 There is also interdepen-
dence of somatosensory and motor systems, as sen-
sory stimuli, including touch and pain, can have an
effect on the function of multiple motor structures,
including the primary motor cortex (M1), supplemen-
tal motor area (SMA), and basal ganglia.4,5 There are
also somatosensory inputs to circuits involved in the
processing of emotional or other aspects of psychoso-
cial behavior that may then feed back to somatosen-
sory or motor circuits.6,7

Recent neuroimaging studies have identified ab-
normal responses to sensory stimuli or motor chal-
lenge in patients with conversion disorders.8-10 These
studies focused on motor abnormalities, even if some

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the May 13 issue to find the title link for this article.

See also page 1410
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patients also presented with chronic pain.11 In the
current study, we hypothesized that if there is a
neurobiologic substrate associated with NDSD in pa-
tients with chronic pain, it can be detected with
sensory-evoked functional MRI (fMRI). We predicted
that unperceived somatosensory stimuli would fail to
activate vital nodes of the somatosensory pathway.

Methods. General patient characteristics. Four patients with
chronic pain entered the study 15 months to 9 years after the
onset of pain and sensory deficits (table 1; supplementary appen-
dix e1, containing patient histories, is available on the Neurology
Web site at www.neurology.org). Detailed sensorimotor and mus-
culoskeletal examination was performed on all patients repeat-
edly. The sensory examination during clinical visits involved the
use of a soft brush, a pinwheel, and a cold roller for documentation
of sensation to touch, pinprick, and cold. Vibration sense was
tested with a 128-Hz tuning fork. Deep pain was tested with a
pressure algometer (Pain Diagnostics, Great Neck, NY). All pa-
tients had an area of complete anesthesia to all cutaneous modal-
ities (including loss of vibration sense and sensitivity to deep pain)
in a limb that was painful. In most cases, the area of pain was
much larger than the anesthetic area, with the exception of Pa-
tient 4 who had proximal pain and distal anesthesia. Two patients
(1 and 4) had two limbs involved, but on contralateral sides of the
body and opposite quadrants. In Patient 1, the right anesthetic
arm was painless, whereas Patient 4 had proximal pain and distal
anesthesia in both involved extremities. Patients 1, 2, and 3 dis-
played mild reduction in dexterity or mobility of the painful limb
despite the presence of anesthesia, whereas 4 had complete anes-
thesia and motor paralysis in the affected limbs. The patients
were thoroughly investigated from the psychological, neurologic,
and musculoskeletal point of view and had been followed by the
pain team for months before and after completion of the fMRI
study. Head MRI in Patients 2, 3, and 4 failed to disclose any
anatomic abnormalities. Lumbosacral spine gadolinium MRI dis-
closed limited left L5 root perineural fibrosis in Patient 1, which,
however, could not explain the dense sensory loss of the extremity.
Electromyographic and nerve conduction studies for all four pa-
tients were negative. Somatosensory evoked potentials (SSEP) from
the upper and lower extremities in all four patients were normal
with normal cortical latencies (N20 and N45 components) with the
exception of some delay in left leg SSEP for Patient 4 (PF or P40
component only). This was due to technical factors because of sub-
stantial swelling of the leg and profound induration of the skin re-
sulting from dependency and complete lack of mobility. Shoulder
x-rays revealed mild degenerative changes in Patients 3 and 4.

Detailed psychological assessments and behavioral observa-
tions suggested that psychosocial factors were involved in the
onset, maintenance, exacerbation, or severity of pain and related
problems. Psychological factors considered important included the
following: 1) aspects of the developmental psychosocial history
(e.g., parental perceptions), 2) dependence-independence conflicts,
3) psychosocial stressors leading up to onset of medical problems
or post-traumatic reactions associated with high anxiety at time of
trauma, 4) dissociative experiences or phenomena either before

onset or subsequent to pain, and 5) discrepancies between aspects
of behavior and reported pain severity. The latter was manifested
especially by la belle indifference type of presentation, in which
very high pain severity ratings were given despite very comfort-
able, happy, or jovial demeanor. Psychometrics, including the
Minnesota Multiphasic Personality Inventory (MMPI-2) and Mil-
lon Clinical Multiaxial Inventory (MCMI-III), were suggestive of a
conversion of psychological conflicts or stress into somatic symp-
toms. All subjects were involved in litigation or compensable is-
sues. However, at no time did the suspicion of malingering arise,
as the patients had been repeatedly seen by the pain team with
consistent and reproducible findings over the period of several
months or years. Administration of sodium amytal, a medium
action barbiturate, transiently but substantially reduced pain and
sensory abnormalities in Patients 1, 3, and 4, suggestive of lack of
structural damage.1,12 Sodium amytal infusion was preceded by
infusion of normal saline, to which all patients failed to respond.
All patients were blinded to the nature of the infusions and were
given neutral instructions; i.e., they were told that any or both
drugs could produce pain relief, have no effect on pain, or even
make the pain worse.

On the day of imaging, all patients rated their pain intensity
as 7 to 8 on a verbal analogue scale from 0 to 10. Also, on the day
of imaging, stimulation with innocuous brush or intense mechan-
ical stimuli (via a pressure algometer and von Frey probes with a
contact area of ~1 mm delivering forces from 75 to 280 g) within
the patients’ anesthetic regions were not perceived and did not
evoke dysesthetic feelings.

Functional MRI. All patients provided informed consent be-
fore the functional imaging session. Patients underwent fMRI on a
1.5 T Echospeed MRI system (GE Medical Systems, Milwaukee,
WI) fitted with a standard quadrature head coil to investigate
activations evoked by innocuous brushing and noxious mechanical
stimulation. Experimental runs consisted of alternating 32-second
blocks of rest and left- and right-sided stimulation repeated six
times. Stimuli consisted of either repeated noxious (intensity
based on sensitivity on nonanesthetic limb) mechanical stimula-
tion with a von Frey probe or innocuous brushing delivered at ~2
Hz. Stimuli were applied to the upper (Patients 2, 3) or lower
extremity (Patients 1, 4). Patients were instructed to close their
eyes throughout the scan so that they could not be alerted to the
presence or absence of stimulation.

A high-resolution three-dimensional (3D) anatomic scan of the
whole head (124 sagittal slices; 256 � 256 matrix, 24 � 24 cm field of
view, 1.5 � 1.17 � 1.17 mm voxels) was obtained using a T1-
weighted 3D spoiled gradient echo (SPGR) sequence (flip angle �
45°, echo time [TE] � 5 msec, repetition time [TR] � 25 msec). Whole
brain functional imaging used two-shot gradient echo imaging
utilizing a spiral trajectory through k-space from 25 axial slices
(T2*-weighted images; flip angle � 85°, TE � 40 msec, TR � 4000
msec, 128 � 128 matrix, 20 � 20 cm field of view, 1.56 � 1.56 � 4
mm voxels). A total of 152 functional volumes (i.e., frames) were
acquired, of which the first three were discarded to allow for
signal equilibration.

Brain Voyager 2000 software (version 4.4; Brain Innovation
B.V., Maastricht, the Netherlands) was used for preprocessing
and statistical analysis. Details of the imaging, preprocessing, and
statistical methodology for thresholding have been described in

Table 1 Patient characteristics

Patient no./
sex/age, y Precipitating event

Duration of
symptoms

Complete anesthesia
zone during fMRI

Ongoing pain during
fMRI

Stimulation site
during fMRI

1/M/40 Work-related injury of R arm, lower
back, L leg; micro-discectomy
(herniated L4–5 disc)

7 y L lower leg, R arm L leg, R leg, lower back Lower leg

2/F/48 MVA 15 mo L digits, L elbow L upper and lower
extremity, back, neck

Digits

3/F/50 L-sided migraine, LTD 2 y R arm R arm Hand

4/F/61 Chronic R shoulder pain; R arm and
L leg paralysis post collapse, LTD

9 y L lower leg, R hand R shoulder Lower leg

MVA � motor vehicle accident; LTD � long-term disability.
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our previous studies.13 Briefly, preprocessing included resampling
the anatomic images to 1 � 1 � 1 mm using sinc interpolation,cor-
recting functional data interslice differences based on the time of
acquisition, 3D motion correction with sinc interpolation, and re-
sampling images at 3 � 3 � 3 mm. Images were spatially normal-
ized into a common stereotaxic space.14 Data from the patient with
right-sided anesthesia were left-right flipped to correspond to the
other patients with left-sided anesthesia. Global signal intensity
differences were corrected for by proportionally scaling the data to
a common mean. Linear trends were removed separately for each
pixel using a least squares standard method. Data were highpass
filtered to remove slow drifts in signal intensity with a period
greater than twice the total duration of the three stimulus condi-
tion blocks. Spatial smoothing using a Gaussian kernel with 6 mm
at full-width half maximum was also performed.

Separate group analyses were performed for noxious and in-
nocuous data using the general linear model. Each condition (per-
ceived, not perceived, rest) was modeled as a reference waveform
(i.e., boxcar function convolved with a gamma variate hemody-
namic response function) and was treated as a separate predictor
for each subject. Two contrasts of interest were examined result-
ing in four t-statistic maps (i.e., noxious perceived vs rest, noxious
unperceived vs rest, innocuous perceived vs rest, innocuous unper-
ceived vs rest). All maps were thresholded at p � 0.0001 (uncor-
rected, two-tailed) and a minimum cluster size of 150 mm3. Given
that the volume of each statistical map was 1,502,673 mm3, a
threshold of p � 0.0001 would be expected to show activation in
~150 of the 1 mm3 voxels due to type 1 errors. The cluster size
criterion was therefore used as a conservative measure to mini-
mize false positive activation (see reference 13).

Results. The locations of key activations and deactivations in
the group analysis are graphically depicted in figures 1 and 2
(additional material in tabular form can be found on the Neurol-
ogy Web site; go to www.neurology.org). A summary of the key
findings can be found in table 2.

All patients perceived the brush and noxious stimuli when
applied to the control limb, and activated as expected the brain
regions typically associated with the perception of somatosensory
stimuli (i.e., perceived condition). Both the innocuous brushing
and the painful stimuli activated the S1, S2, PPC, anterior insula,
thalamus, and regions within the PFC, TPJ, and the M1 and SMA
(see figures 1 and 2). The topography of the S1 activations reflects
the fact that stimulation was applied to the leg in two patients
and hand in the other two patients. Additionally, the posterior
region of the ACC was activated by the perceived painful stimuli,
but not by the perceived brush stimuli. There was a reduction in
signal (i.e., deactivation) within a small region of the ipsilateral
S1 during painful stimulation of the control limb. No other deacti-
vations were detected during brush or pain stimuli of the control
limb.

In contrast, all subjects failed to report any sensation when the
brush or noxious stimuli were applied to the affected limb. These
unperceived stimuli evoked abnormal responses within many cor-
tical regions as compared to those evoked by the perceived stimuli.
These abnormalities included 1) absence of activation, 2) deactiva-
tions, and 3) previously unidentified activations (see table 2 and
figures 1 and 2). Several regions that had been activated by the
perceived stimuli were not activated with the unperceived stimuli.
These areas include the anterior insula and thalamus (unper-
ceived brush condition) and the posterior ACC, BA 44/45, and

Figure 1. Regions of activation related to the brush stimuli applied to the control limb (A, brush perceived condition)
and to the affected limb (B, brush unperceived condition). Arrows in brain images show the key areas of activation. Im-
ages are displayed so that the hemisphere contralateral to side of the body stimulated is indicated by the “c” and shown
on the right. Significance is indicated by the z-score color bar.
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thalamus (unperceived noxious condition). Clusters of deactiva-
tion associated with the unperceived brush stimuli were identified
in S1, S2, and BA 9 and 45 (an example of S1 deactivation in an
individual subject can be found on the Neurology Web site; go to
www.neurology.org). During the unperceived noxious stimulation,
deactivations were identified in S1, S2, PPC, M1, and BA10. Fi-
nally, the unperceived stimuli resulted in several activations that
had not been detected in the perceived condition; namely, in the
anterior ACC during unperceived brush and in the anterior and
perigenual ACC during unperceived noxious stimulation.

It is possible that the pronounced activations detected in the
group results were due to a large contribution from a subset of
subjects (i.e., fixed effect error). To test this possibility we per-
formed a conjunction analysis (methodology previously described
by us13) to detect activations present in all subjects. The results of
the conjunction analysis confirmed that the main pain-related
cortical effects detected in the general linear model (GLM) analy-
sis were consistent across all patients, although the activations
were somewhat smaller in volume. All brush-related cortical ef-
fects also were confirmed in the conjunction analysis, with the
exception of some of the IFG and SMA regions.

Discussion. Our patients had chronic intractable
pain associated with anesthesia in the symptomatic
limb and variable motor deficits, and based on their

medical and psychological assessment they fit the
classification of conversion disorder in association
with a pain disorder as per Diagnostic and Statisti-
cal Manual of Mental Disorders–IV definition. The
fMRI findings indicate that in these patients dimin-
ished perception is associated with altered process-
ing within the somatosensory system.

In normal subjects, innocuous somatosensory
stimuli typically activate a cortical network that in-
cludes the S1, S2, PPC, and insula.15-17 Painful stim-
uli additionally can activate the ACC, PFC, and motor
cortical areas.3,15 Perception of somatosensory stimuli
depends upon the integrity of this network. However,
whether any one particular node of the network is
critical for conscious perception remains a contentious
topic. In our study, fMRI during stimulation of the
symptomatic limb revealed prominent abnormalities
in somatosensory areas; namely, lack of activations,
novel activations, and stimulus-related deactivations
in the S1, S2, and PPC cortex. This cortical dysfunc-

Figure 2. Regions of activation related to the noxious mechanical stimuli applied to the control limb (A, pain perceived
condition) and to the affected limb (B, pain unperceived condition). Arrows in brain images show the key areas of activa-
tion. Images are displayed so that the hemisphere contralateral to side of the body stimulated is indicated by the “c” and
shown on the right. Significance is indicated by the z-score color bar.
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tion indicates a neurobiological component associated
with at least part of the symptoms in such patients in
accordance with our original hypothesis.

Our findings of abnormalities in key somatosen-
sory and frontal/cingulate areas share some similari-
ties with other neuroimaging studies that have
demonstrated reduced or absent supraspinal responses
in patients with hysterical motor paralysis9-11,18 or hys-
terical sensorimotor abnormalities.8 Interestingly, sup-
pression of higher order processing may also underlie
hysterical deafness.19 Similarly, in a case of conversive
anesthesia, there were normal evoked potentials relat-
ing to sensory and perceptual processing of both innoc-
uous and noxious stimuli, but an abnormal P300
(cognitive) component from the anesthetic right hand.
Interestingly, the P300 generated from the healthy left
hand of the patient as well as from a healthy subject
instructed to feign sensory loss (a malingerer) was nor-
mal.20 Furthermore, a PET study of patients with tac-
tile extinction (with an intact S1) found an absence of
or reduced activation of S1 contralateral to the extin-
guished stimuli.21

In the current study, we did not detect any lateral
thalamic activation in either the perceived or unper-
ceived condition. This negative finding may have
been due to technical issues because we used a
larger voxel size and spatial filtering across a group
analysis, compared to our previous study that was
able to detect discrete sensory-evoked lateral thalamic
activation.22 Furthermore, the stimulus-related cortical
effects indicate that some information must have been
transmitted through the thalamus to the cortex. Thus,
it might be the case that in the unperceived condition,
a much smaller region of the thalamus was activated
that could not be detected in our analysis. Further-

more, the thalamic activation that was detected in the
current study was in the nonsomatotopically organized
dorsomedial thalamus, possibly related to an atten-
tional or cognitive response to the stimuli.

Our results of cortical deactivation during unper-
ceived stimulation are clear and not likely due to
technical artifactual issues. The source of a fMRI
blood oxygen level dependent (BOLD) deactivation
signal is unknown but is an active research topic.23-27

One possibility is that negative BOLD signals repre-
sent hemodynamic steal from an adjacent active
area. This is unlikely in the current study because
the deactivations were spatially distant from the ac-
tivations. A more likely possibility is that the nega-
tive BOLD signal is due to reduced or suppressed
neuronal activity that attenuates blood flow locally.

In addition to the deactivations, activations were
found during unperceived stimulation that were not
detected in the perceived condition. One notable
novel activation during unperceived noxious stimula-
tion was found in the rostral and perigenual ACC, in
contrast to perceived noxious stimulation that acti-
vated the posterior ACC only. This is an interesting
finding because the posterior ACC is consistently ac-
tivated during acute and chronic pain states.3,28 How-
ever, the more rostral regions of the ACC, including
the perigenual ventral portions, are thought to be
involved more generally in cognitive processes and
emotion.29 These findings may be significant in our
patients, as psychological factors were believed to be
contributory to the onset, exacerbation, severity, or
maintenance of the NDSD. Similarly, several frontal
regions that were activated by the perceived stimuli
were either nonresponsive or deactivated by the un-
perceived stimuli. Once again, these findings suggest

Table 2 Summary of group results

Brain region

Perceived Not perceived

Brush stimuli Noxious stimuli Brush stimuli Noxious stimuli

S1 A (b) A (b); D (i) D (c) D (b)

S2 A (i) A (b) D (c) D (c)

ACC—posterior — A (m) — —

ACC—anterior — — A (m) A (m)

ACC—perigenual — — — A (m)

Anterior insula A (i) A (c) — A (i)

PPC cortex A (b) A (b) — D (b)

TPJ A (i) A (b) A (c) A (b)

PFC—BA 9/10/46 A (b) A (b) D (i); A (i) D (i); A (b)

IFG—BA 44/45 A (b) A (i) D (c) —

M1 A (b) A (b) A (c) D (b)

SMA A (b) A (b) A (b) A (b)

Thalamus A (c) A (c) — —

S1 � primary somatosensory cortex; A � task-related activation; b � bilateral; D � task-related deactivation; i � ipsilateral; c � con-
tralateral; S2 � secondary somatosensory cortex; ACC � anterior cingulate cortex; — � no significant activation or deactivation; m �
midline; PPC � posterior parietal cortex; TPJ � temporoparietal junction; PFC � prefrontal cortex; BA � Brodmann area; IFG � infe-
rior frontal gyrus; M1 � primary motor cortex; SMA � supplementary motor cortex.
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abnormal cognitive or attentional cortical processing
during the unperceived stimuli.

The cause of altered cortical responsiveness in pa-
tients with chronic pain with NDSD is unknown, but
as suggested by the transient re-establishment of
normal sensory perception observed during IV ad-
ministration of the barbiturate sodium amytal,30 it
likely reflects a central mechanism. In most patients
with NDSD, sodium amytal infusions have a dra-
matic effect with normalization or remarkable im-
provement of all sensorimotor abnormalities in
tandem with pain relief.1,31 This response clearly in-
dicates that the sensory and motor deficits are not
structural (anatomic), but functional (dynamic). Of
particular interest to subjects with pain are two spe-
cific actions of barbiturates: enhancement of GABA
inhibition (GABAmimetic effects) in multiple brain
and spinal cord sites, and ionotropic AMPA, kainate,
and NMDA receptor noncompetitive antagonistic ef-
fects. The later may be responsible for the dramatic
reduction in allodynia (touch-evoked pain) to infu-
sions of sodium amytal.12,32,33 A neuro-psycho-biologic
theory of conversion symptoms with increased inhi-
bition of sensory and motor functions from corticofu-
gal tracts has been proposed.34 Barbiturates,
therefore, may serve to produce “inhibition of inhibi-
tion”—i.e., disinhibition and release of motor and
sensory functions.

We have speculated before1,30 that the phenomena
of NDSD are of dynamic nature. In the presence of
intractable pain, we suspect that NDSD constitute
an unsuccessful attempt of the CNS to shut down or
inhibit all peripheral inputs originating in or associ-
ated with the painful limb in an effort to control
pain. Given the persistence of pain despite suppres-
sion of the cutaneous and often deep sensation, as
well as the variable motor deficits, one cannot help
but compare such patients with those with struc-
tural deafferentation. An example is patients with
brachial plexus avulsion who continue to perceive
severe pain in the absence of any sensory or motor
function. NDSD then can be considered examples of
functional deafferentation as opposed to structural
deafferentation, and may result from maladaptive
supraspinal neuroplasticity. However, in some long-
standing cases, sodium amytal may remove pain but
not the sensory deficit.12 In this case, the defects may
have become fixed, not as a result of peripheral pa-
thology, but as the result of permanent maladaptive
plastic changes at cortical or subcortical levels.

Given the involvement of psychological/psychoso-
cial factors as outlined in our case reports, it is con-
ceivable that dynamic aberrations of brain function
can occur under a multiplicity of emotionally charged
conditions or certain personality organizations,
where the individual utilizes specific mechanisms to
avoid unpleasant physical or emotional events. The
magnitude of original trauma or inciting event and
the duration of actual nociception may be insignifi-
cant, but serve as a trigger of underlying central
mechanisms in emotionally charged personal or psy-

chosocial situations. We suspect that there may be
an interaction between peripherally generated noci-
ceptive or neuropathic pain and psychological vul-
nerability factors, which interaction is mediated by
supraspinal mechanisms. Such patients with en-
hanced psychological vulnerability may be at risk to
develop a pain disorder, NDSD, or other pathologic
condition with relatively little peripherally gener-
ated nociceptive or neuropathic pain. Once such a
central process develops at supraspinal levels, it may
become independent from any actual peripheral
inputs.

One wonders if this maladaptive neuroplasticity
could be due to an attentional switch, with the pa-
tients directing attention toward the ongoing pain,
which in turn could attenuate stimulus-evoked acti-
vation. In support of this concept are our findings of
rostral and perigenual ACC activation during unper-
ceived brush or noxious stimulation. Furthermore,
neuroimaging studies suggest that pain-evoked re-
sponses within S1, ACC, PFC, and PPC are modu-
lated by attention.16,35 In the current study, the
patients kept their eyes closed throughout imaging
to minimize cues about the stimulus. However, we
cannot rule out entirely that the patients’ attention
varied during the stimulation of the affected vs unaf-
fected limb.

Regarding the observed lack of activations in cor-
tical regions representing the painful body part (e.g.,
S1), another possibility is that tonic activity in corti-
cal neurons related to the state of ongoing pain pre-
cludes further significant increases in neuronal
activity. However, if this is true, it is not clear why
such a ceiling effect in neuronal firing does not cre-
ate a situation of reduced rather than the typical
heightened sensory sensitivity (e.g., allodynia, hy-
peralgesia) that accompanies most chronic pain
states. Nevertheless, if tonic activity in cortical neu-
rons indeed creates a ceiling effect in terms of neuro-
nal firing, it may also be responsible for a
hemodynamic ceiling effect and a negative BOLD
signal. The effect of increased baseline levels on the
BOLD signal in fMRI is currently being investigated
as a cause of task-related deactivations.23,24,36

The normal clinical SSEP (except for some slowing
in Patient 4) may seem at odds with the clear finding
of abnormal fMRI in S1. However, anatomic or func-
tional factors likely contribute to these seemingly
contradictory findings. It is generally accepted that
very early SSEP are generated from volleys in the
dorsal columns and medial lemniscus and potentials
around 20 msec involve S1 and possibly S2.37,38 Al-
though there is evidence that an anatomically intact
S1 is essential for normal N20 SSEP,39 a recent re-
port with the use of modified oddball task with rare
stimuli applied to an anesthetic right hand in a case
of conversive anesthesia shows that a particular
component (P300) associated with cognitive process-
ing could not be generated.20 Functional consider-
ations may contribute to the dissociation between
normal SSEP and abnormal fMRI results in our pa-
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tients. A recent magnetoencephalographic study40 re-
corded normal short latency S1 responses to
unperceived tactile stimulation in patients with pos-
terior parietal tumors. Despite intact 40 msec re-
sponses, these patients lacked the typical longer
responses at 60 msec and 150 msec when the stimuli
were applied to their anesthetic side. The authors
attributed the absence of tactile sensation in part to
the lack of longer latency S1 responses. Further-
more, SSEP are quite resistant to changes in func-
tional states (e.g., during anesthesia) and are likely
to be normal unless there is clear structural patholo-
gy.41 The difficulty of interpreting clinical SSEP in
patients with hysteria has also been extensively
studied.42
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SPECT scan in somatization disorder patients: an exploratory study 
of eleven cases. 
 
Garcia-Campayo J, Sanz-Carrillo C, Baringo T, Ceballos C. 
 
Miguel Servet University Hospital and University of Zaragoza, Spain. jgarcamp@arrakis.es 
 
OBJECTIVE: There are no previous studies using single photon emission computed tomography 
(SPECT) scans in somatization disorder (SD) patients. The aim of this paper is to assess SPECT imaging 
abnormalities in SD patients and study any relation to laterality. METHOD: Eleven SD patients from the 
Somatization Disorder Unit of Miguel Servet University Hospital, Zaragoza, Spain, not fulfilling criteria for 
any other psychiatric disorder and showing normal computed tomography (CT) and magnetic resonance 
imaging (MRI) images were studied with SPECT. Patients with DSM-IV axis I comorbidity were ruled out 
because it has been demonstrated that SPECT scans can show abnormalities in patients with depression 
and anxiety disorders. The technique used for SPECT was 99mTc-D,1,hexamethylpropyleneamide-oxime 
(99mTc-HMPAO) in four patients and 99mTc-bicisate in the other seven. The SPECT scans were 
evaluated without knowledge of clinical data and entirely by visual inspection.  

RESULTS: Seven out of 11 (63.6%) SD patients showed hypoperfusion in SPECT imaging. In four cases 
there was hypoperfusion in the non-dominant hemisphere and the predominance of pain symptoms took 
place in the contralateral hemibody. In the other three patients hypoperfusion was bilateral. The 
anatomical regions affected were cerebellum (four cases), frontal and prefrontal areas (three cases), 
temporoparietal areas (two cases) and the complete hemisphere (one case). CONCLUSIONS: A 
proportion of SD patients may present hypoperfusion in SPECT images, uni- or bilaterally, in different 
brain areas. Possible aetiological explanations for this finding are discussed. Controlled studies are 
necessary to confirm or refute this hypothesis. 
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The authors investigated the hypothesis that dis-
sociation may represent a functional dysconnec-
tivity syndrome using a transcranial magnetic
stimulation (TMS) approach. Transcranial mag-
netic stimulation investigations that included mo-
tor thresholds and the transcallosal conduction
time (TCT) reflecting the interhemispheric trans-
fer were performed in 74 right-handed students.
All subjects completed the Dissociative Experience
Scale. The high dissociators had a significantly
lower left hemispheric excitability than right
hemispheric excitability. They also had a signifi-
cantly shorter TCT from the left to the right
hemisphere than did the low dissociators. These
results suggest that the neural basis of dissocia-
tion may involve a cortical asymmetry with a left
hemispheric superiority or, alternatively, a lack of
right hemispheric integration.
(The Journal of Neuropsychiatry and Clinical

Neurosciences 2004; 16:163–169)

Dissociation is characterized by a “disruption in the
usually integrated functions of consciousness,

memory, identity, or perception of the environment.”1 Its
clinical manifestations include amnesia for autobiograph-
ical information, depersonalization and derealization,
and identity disturbances, which are core features of the
dissociative disorders. Moreover, dissociative symptoms
also play a prominent role as response to traumatic stress
and in posttraumatic stress disorder (PTSD).2–4 Despite
the broad clinical and theoretical interest in dissociation,
its neurobiological basis is far from understood.5 Particu-
larly, neurophysiological models have been given little
attention,6 although it has been assumed that dissocia-
tion may represent a functional dysconnectivity syn-
drome.5 More specifically, it has been suggested that a
dysfunction of hemispheric interaction might be a pre-
disposition to dissociative psychopathology.6,7 Empiri-
cal evidence for this hypothesis has originated from
various sources. A neurophysiological study of hypnotic
and dissociative states indicated lateralized shifts in
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electroencephalogram (EEG) frequency and evoked po-
tential amplitudes.8 A shift in hemispheric dominance
was assumed as a possible explanation for the changes
in handedness in dissociative identity disorders.9 In ep-
ileptic patients, dissociative-like phenomena were con-
sidered to reflect ictally dependent shifts in relative
hemispheric dominance.10 Additionally, it was argued
that a hemispheric imbalance may be relevant to the
pathophysiology of PTSD.11 This is consistent with EEG
and evoked potential studies in PTSD patients12,13 as
well as with functional imaging investigations.14 Finally,
developmental traumatology research15 indicated a neg-
ative correlation between dissociative psychopathology
and the size of the corpus callosum in maltreated chil-
dren. In sum, several lines of evidence support the hy-
pothesis that a deviance in cerebral lateral organization
and an altered interhemispheric processing of sensori-
motor and cognitive information, which has been re-
ferred to as functional commissurotomy,5 may play a
crucial role in dissociation.
Transcranial magnetic stimulation (TMS), a noninva-

sive, painless, and safe method of neuropsychiatry,16 al-
lows the investigator to assess the cortical excitability
and its interhemispheric asymmetry by means of the
motor threshold required to induce a motor-evoked po-
tential (MEP).17 Transcranial magnetic stimulation can
also be applied to study the function of the corpus cal-
losum (CC).18,19 The CC represents the largest connec-
tion between the cerebral hemispheres and plays a ma-
jor role in interhemispheric transfer and integration of
sensorimotor and cognitive information.20 The TMS ap-
proach to investigate transcallosal pathways is based on
the observation that focal magnetic stimulation over the
motor cortex of one hemisphere suppresses ongoing
voluntary electromyographic (EMG) activity originating
from the contralateral motor cortex, and this inhibition
is mediated via the CC.18,19 The transcallosal inhibition
(TI) and the transcallosal conduction time (TCT) reflect
the interhemispheric transfer. In patients with abnor-
malities or cerebrovascular lesions of the CC, the TI was
found to be abolished or delayed.19,21 In schizophrenia
patients, the TCT and the duration of the TI were sig-
nificantly prolonged as compared with healthy sub-
jects.22

Taking the above into consideration, our explorative
study, in which TMS was utilized, aimed to test the fol-
lowing hypotheses: 1) dissociative psychopathology is
related to an interhemispheric cortical asymmetry as re-
vealed by differences in MEP thresholds; 2) dissociation

is linked to a dysfunction of hemispheric interaction as
revealed by an altered TI. Because several TMS inves-
tigations23,24 indicated a functional hemispheric asym-
metry between right- and left-handed individuals, we
included only right-handed participants. Another rea-
son for this procedure is the observation that handed-
ness might be a predisposing factor for dissociative ex-
periences.7

METHOD

Participants and Procedure
A random sample of students from our university was
screened for the selection criteria of this study. Exclusion
criteria were younger than 18 years of age, current or
past psychiatric treatment (either inpatient or outpa-
tient), current medication with psychopharmacological
drugs, history of seizures or any other disorder of the
central nervous system, and left handedness. A total of
74 students met the inclusion criteria. After complete
description of the study, which was approved by the
local ethical committee, all subjects gave written, in-
formed consent to participate. The mean age of the par-
ticipants was 22.4 years (SD�3.0, range�18–34), and
there was an almost equal gender distribution, with 36
(49%) female and 38 (51%) male students. All partici-
pants underwent the electrophysiological investigation,
as described below, and then completed the self-report
measures.

TMS Procedure
We used a KEYPOINT commercial amplifier (Medtronic
Dantec, Skovlunde, Denmark) with a band pass of 10–
10000 Hz. Electromyographic recordings were made bi-
laterally with surface electrodes in tendon-belly ar-
rangement from the first dorsal interosseus muscle
(FDI). Transcranial magnetic stimulationwas performed
using a Maglite Stimulator (2-T version; Medtronic Dan-
tec, Skovlunde, Denmark).
Motor thresholds of the FDI were evaluated using a

standard round coil (outer diameter 13 cm) centered
over the vertex, with the current flowing anticlockwise
(as viewed from above) for stimulation of the left hemi-
sphere and clockwise for the right hemisphere, as de-
scribed elsewhere.23–25 Motor-evoked potential thresh-
olds were determined in relaxed muscles on either side
according to the International Federation of Clinical
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Neurophysiology recommendations26 by changing the
stimulator intensity at 1% steps until there was a mini-
mal motor response (�50 lV) in five out of 10 trials. This
intensity was defined as the motor threshold and is ex-
pressed as percent of the maximum stimulator output.
Focal TMS of the motor cortex of each hemisphere

was performed consecutively with a figure of eight-
shaped coil (outside diameter of half-coil 9 cm). The coil
center was placed over the hand area of the motor cor-
tex, with the handle of the coil pointing backwards (cur-
rent flow in posterior-anterior direction). The optimal
stimulation point for producing maximal hand motor
responses was determined individually for each subject.
Cortical stimulation was performed with a stimulus

intensity of 75% of the maximum stimulator output dur-
ing maximal voluntary contraction of the FDI. Stimuli
were applied at a frequency of 0.2 Hz. Subjects were
asked to maintain a maximal activation of their ipsilat-
eral FDI before and during the stimulation and to relax
their hand muscles afterwards in order to prevent fa-
tigue. Twenty responses in each FDI ipsilateral and con-
tralateral to focal TMS were recorded and averaged. In
muscles contralateral to the hemisphere, stimulated cor-
ticomotor conduction time (CMCT) was determined. In
FDI ipsilateral to stimulation, we measured the onset
latency (LTI) and the duration (DTI) of transcallosal in-
hibition. The CMCT is the interval between the trans-
cranial magnetic stimulus and the beginning of the EMG
response in the contralateral FDI. The LTI was defined
as the interval between the stimulation and the sup-
pression of the tonic EMG activity in the ipsilateral FDI.
The DTI was measured from the onset of EMG activity
suppression to its recurrence. The TCT was calculated
by subtracting the CMCT of one FDI from the LTI of the
same FDI (e.g., LTI right FDI—CMCT right FDI�TCT
right to left hemisphere). The principle of TMS and the
method of determining the different response parame-
ters are illustrated in Fig. 1.

Psychometric Instruments
The Dissociative Experiences Scale (DES) is a 28-item,
self-administered inventory to measure the frequency of
dissociative experiences.27 A cutoff score of 30 or above
was recommended to differentiate between high and
low dissociators.28 The DES is an internationally, well-
established, highly valid and reliable questionnaire.29

The psychometric properties of the German version
were almost identical to the original version.30 Hand-
edness was determined by the Edinburgh Inventory.31

Statistical Analysis
Data analyses were computed using SPSS (version 10.0).
The results are presented as absolute numbers and cor-
responding percentages or as group means and stan-
dard deviations. Motor-evoked potential thresholds are
expressed as mean percentages of the stimulator output.
The chi-square test was used to compare the male-to-
female ratio. We applied nonparametric procedures be-
cause we did not assume a normal distribution of the
data due to the relatively small number of participants.
Within group differences (i.e., MEP thresholds of both
sides) were analyzed bymeans of theWilcoxonmatched-
pairs test. For between group differences (i.e., high and
low dissociators) we used theMann-Whitney U test. This
was followed by a linear regression with the DES score
as dependent variable and those neurophysiological pa-
rameters as independent variables, which significantly
differed between the high and low dissociators. Signifi-
cance level was set at P�0.05.

RESULTS

Dissociative Experiences Scale scores ranged from 1.1 to
58.9, with a median of 11.8 and mean of 14.8 (SD�11.4).
Of the 74 participants, eight (11%) scored 30 or above.
Among these high dissociators, four (50%) were female.
There was no significant difference in the gender distri-
bution between the high and low dissociators (v2�0.01,
df�1, P�0.935). High and low scoring subjects did not
significantly differ with respect to age (high dissociators
mean age�22.3 years, SD�2.0; low dissociators
mean�22.4 years, SD�3.1) (U�242.0, P�0.699).
For the entire sample, there was no difference in cor-

tex excitability as measured by the motor thresholds,
which was 40.9% (SD�6.8%) for the right FDI and
41.1% (SD�6.8%) for the left FDI (z��0.52, P�0.604).
However, in the group of high dissociating students, the
motor threshold for the right FDI was significantly
higher (44.3%, SD�9.3%) than that for the left FDI
(41.4%, SD�8.5%) (z��2.32, P�0.020) indicating a
lower left hemispheric excitability. In the low dissocia-
tors, the right motor threshold (mean�40.5%, SD�

6.5%) did not significantly differ from the left side
(mean�41.1%, SD�6.7%) (z��1.22, P�0.223).
For both the high and the low dissociators, the CMCT,

LTI, and DTI of the transcallosal inhibition and the cal-
culated TCT are presented in Table 1. The high dissocia-
tors had a significantly earlier LTI of the left FDI than
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did the low dissociators. For the right FDI, this compar-
ison was not significant (P�0.226). Correspondingly,
the TCT from the left to the right hemisphere was sig-
nificantly shorter in high dissociating subjects than in
low dissociating subjects. There was no significant dif-
ference in the TCT from the right to the left hemisphere
between the two groups. The DTI did not significantly
differ between high and low dissociators, for neither the
left nor the right FDI. Entering the DES score as depen-
dent variable into a linear regression did not reveal any
significant relationship (F�0.175, df�2.71, P�0.840)
with the LTI of the left FDI (standardized b��0.05,
T��0.21, P�0.835) and the left-to-right TCT (stan-
dardized b��0.02, T��0.07, P�0.948).

DISCUSSION

Using a TMS approach, this is the first explorative study
investigating the hypotheses that dissociative experi-
ences are associated with an interhemispheric cortical
asymmetry and a dysfunction of hemispheric interac-
tion. We found that high dissociating students (i.e., DES
scores of 30 or above) had a significantly lower left hemi-
spheric excitability, as compared to the right hemi-
sphere. In contrast, this difference in cortical excitability
was absent in low dissociators. Furthermore, the TCT
from the left to the right hemisphere of high dissociators
was significantly shorter than that of low dissociators.
This shortened TCT was caused by an LTI of the trans-

FIGURE 1. Stimulation Performed With Posterior-anterior Coil Currents and 75% of the Maximum Stimulator Output and With a Focal
Coil Placed Over the Hand Area of the Motor Cortex (Upper Left).

Stimulation of the motor cortex of one hemisphere (A) activates the corticospinal tract, which results in contralateral hand motor responses,
and activates callosal fibres (B), which leads to suppression of tonic EMG activity of maximally contracted ipsilateral hand muscles.
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callosal inhibition and not by a shortened CMCT in the
high dissociators. Although we found significant differ-
ences between the high and low dissociators, there was
no linear relationship between the DES score, the TCT,
and the LTI across all subjects. Presumably, these vari-
ables are strongly interrelated because the TCT is cal-
culated on the basis of the LTI, and therefore a linear
regression might be distorted for reasons of co-linearity.
Alternatively, there may be a nonlinear relationship be-
tween dissociation and parameters of interhemispheric
transfer. This consideration corresponds with findings
indicating that dissociation does not follow a continuum
(or linear) model, but can better be described by distinct
types.28

The motor thresholds found in our study are com-
parable to values reported for other nonclinical, healthy
samples, and we did not find any differences in motor
thresholds between right and left FDI, which is consis-
tent with other studies.23,24 However, high dissociators
had a lower excitability of the left hemisphere, as com-
pared to the right hemisphere. This difference was ab-
sent in the low dissociating group. It was proposed that
threshold asymmetry may arise from functional asym-
metry,32 and it was speculated that a lower excitability
might indicate a dominance for a broad range of func-
tions that are independent of language dominance.23

Following these considerations, our results suggest that
dissociation may involve a functional superiority of the
left hemisphere over the right hemisphere or, alterna-
tively, a lack of an integration in the right hemisphere.
This correspondswith the idea that the right hemisphere
has a distinct role in establishing, maintaining, and pro-
cessing personally relevant aspects of an individual’s
world.33 Thus, a right hemispheric dysfunction might
result in an altered sense of personally relevant famil-
iarity,33 which resembles phenomenologically the dis-
sociative symptoms of depersonalization and dereali-

zation. Additionally, there is converging evidence
suggesting that traumatic stress disturbs hemispheric
balance,34 and trauma-related conditions, which them-
selves are closely associated with dissociative psycho-
pathology,2,3 lack right hemispheric integration.13

However, one must be mindful that motor threshold
asymmetries were also found in patientswith treatment-
refractory major depression.35 Therefore, it remains un-
clear whether a lower left hemispheric excitability is
specific to dissociation, especially since other psychiatric
disorders have been considered to involve alterations in
hemispheric balance as well.36

High dissociators had a significantly earlier onset la-
tency of the TI than low dissociators, resulting in a
shorter TCT from the left to the right hemisphere. This
finding seems counter-intuitive and is difficult to inter-
pret because all investigations on TI reported that TCT
is longer in the conditions of interest such as schizo-
phrenia22 or neurological diseases.19,21 One interpreta-
tion could be that a shortened TCT in high dissociators
may entail a “hyperconnectivity” between the hemi-
spheres, contradicting the notion that dissociation is
possibly due to a functional commissurotomy.5,6 How-
ever, this hypothesized “hyperconnectivity” relates to
inhibitory influences, and therefore may disturb func-
tional balance between the hemispheres. The finding
that activation of the left hemisphere in high dissociators
results in faster inhibition of right hemispheric regions,
then vice versa, whereas low dissociators have a bal-
anced interhemispheric inhibition, correspondswith the
consideration that dissociation may involve a functional
superiority of the left hemisphere over the right hemi-
sphere.
Relating this assumption to models of hemispheric

specialization, particularly to those of emotional later-
alization,37,38 may provide a framework for a better un-
derstanding of the neurophysiology of trauma-related
conditions and dissociation.2,3 One assertion is that the

TABLE 1. Comparison of the Corticomotor Conduction Times (CMCT), the Onset Latencies and the Duration of the Transcallosal
Inhibition (TI) As Well As the Calculated Transcallosal Conduction Time (TCT) Between High and Low Dissociators

High Dissociators
(n�8)

Low Dissociators
(n�66) U Test

Measure Mean SD Mean SD U p

CMCT right first dorsal interosseus muscle (FDI) (msec) 21.6 1.2 21.4 1.4 237.0 0.637
CMCT left FDI (msec) 21.2 1.6 21.3 1.4 259.0 0.930
Onset latency TI right FDI (msec) 37.6 3.4 39.2 2.5 194.5 0.226
Onset latency TI left FDI (msec) 36.4 2.6 39.1 2.8 134.0 0.024
TCT right to left hemisphere (msec) 16.0 3.3 17.8 2.0 171.0 0.105
TCT left to right hemisphere (msec) 15.2 2.2 17.8 2.3 110.5 0.008
Duration TI right FDI (msec) 27.2 7.7 25.2 5.2 222.0 0.465
Duration TI left FDI (msec) 27.7 8.8 25.3 5.8 231.0 0.566
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right hemisphere is responsible for the perception and
processing of negative emotions, while the left hemi-
sphere deals with positive emotions.37 A number of ex-
perimental studies, including functional imaging in
healthy subjects38,39 and brain-lesioned patients,40 have
confirmed this valence hypothesis. Given that dissocia-
tion involves an interhemispheric imbalance, with the
left hemisphere being superior, one might speculate that
in dissociation-prone individuals, a trauma that is per-
ceived and processed by the right hemisphere will lead
to a “disruption in the usually integrated functions of
consciousness.”1

Our results should be interpreted cautiously, pending
replication and extension to patient samples. In partic-
ular, it would be necessary to investigate patients with
confirmed dissociative disorders. However, such pa-
tients may suffer from comorbid PTSD and other dis-
orders, which in turn could prove confounding.2–5 Fur-
thermore, the generalizability of our findings is limited
by the relatively low number of high dissociators. An-
other critical issue might be the measurement of excit-

ability using 75% of maximum stimulator output. If the
excitability of one hemisphere is markedly different
from the other, then a fixed stimulus would be relatively
stronger on the one side than the other. This could result
in different parameters of TI. However, using 75% of the
maximum stimulator output seems reasonable because
this stimulus intensity always evokes TI in normal sub-
jects, and the parameters of TI do not markedly change
with increasing stimulus intensity.19 Finally, because
TMS merely allows conclusions on the transfer and
processing of motor information, we can only hypoth-
esize that our considerations also apply to sensory and
cognitive information. This question is to be addressed
by future studies, which should investigate whether
our findings are specific to dissociation. Notwithstand-
ing these caveats and the preliminary nature of our re-
sults, neuropsychiatric approaches to dissociation and
trauma-related conditions seem to provide heuristi-
cally valuable contributions to understanding them,
particularly when integrating the issue of cerebral lat-
erality.
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