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Dissociative amnesia is a condition usually characterized by severely impaired retrograde memory
functioning in the absence of structural brain damage. Recent case studies nevertheless found functional
brain changes in patients suffering from autobiographical–episodic memory loss in the cause of dissociative
amnesia. Functional changes were demonstrated in both resting state and memory retrieval conditions. In
addition, some but not all cases also showed other neuropsychological impairments beyond retrograde
memory deficits. However, there is no group study available that examined potential functional brain
abnormalities and accompanying neuropsychological deteriorations in larger samples of patients with
dissociative retrograde amnesia. We report functional imaging and neuropsychological data acquired in 14
patients with dissociative amnesia following stressful or traumatic events. All patients suffered from
autobiographical memory loss. In addition, approximately half of the patients had deficits in anterograde
memory and executive functioning. Accompanying functional brain changes were measured by [18F]
fluorodeoxyglucose positron emission tomography (FDG-PET). Regional glucose utilization of the patients
was compared with that of 19 healthy subjects, matched for age and gender. We found significantly
decreased glucose utilization in the right inferolateral prefrontal cortex in the patients. Hypometabolism in
this brain region, known to be involved in retrieval of autobiographical memories and self-referential
processing, may be a functional brain correlate of dissociative amnesia.
© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Dissociative amnesia is a condition usually characterized by
severely impaired retrograde memory functioning in the absence of
overt brain damage or a known neurological etiology. The amnesic
state, also known as “functional” or “psychogenic” amnesia, mainly
comprises deficits in retrieving autobiographical–episodic memories
(Markowitsch, 2003) (personal context-based events) and – in the
majority of cases to a lesser degree – autobiographical–semantic
(personal non-context-based facts) and general semantic knowledge
(facts) (Brandt and van Gorp, 2006). In addition, anterogradememory
impairments accompanying retrograde amnesia are described in
some (Markowitsch et al., 1998; Kritchevsky et al., 2004) but not in
the majority of the cases (De Renzi et al., 1997; Glisky et al., 2004).
ychology,UniversityofBielefeld,
9 521 1064488; fax: +49 521

nd).
University of Duisburg-Essen,
ance Imaging Essen, Germany.

Ltd. All rights reserved.
Although very rare, anterograde amnesia with preserved retrograde
memory can also be a consequence of psychological stress or trauma
(Markowitsch et al., 1999a; Kumar et al., 2007).

Beyond the neuropsychological variability in patients with dis-
sociative amnesia, it is still unclear whether or not functional brain
abnormalities typically occur in these patients (see the review by
Reinhold et al., 2006). In some patients task-specific (e.g., during
retrieval attempt) functional brain changes, mainly within limbic and
prefrontal regions, have been demonstrated (Markowitsch et al., 1997;
Yasuno et al., 2000; Fujiwara et al., 2004).

Patients suffering from autobiographical–episodic memory loss
may also exhibit more general or non-task-specific functional
abnormalities within the prefrontal cortex, especially in the right
hemisphere. The right prefrontal cortex is critically involved in
synchronizing emotional and factual components of personal events
so that they can be successfully retrieved with a sense of self-
awareness (Tulving, 2002; Keenan et al., 2003; Wheeler and Stuss,
2003). Support for this hypothesis comes from previous patient
data (Piolino et al., 2005) and neuroimaging investigations of
autobiographical- episodic memory retrieval in healthy individuals
(Tulving et al., 1994; Cabeza and Nyberg, 2000; Markowitsch et al.,
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Table 1
Summary of the patients' characteristics.

AA BB CC DD EE FF GG HH II JJ KK LL MM NN

Age 23 24 25 29 30 34 33 35 35 39 46 50 54 54
Gender m m f f m m m m f m m m m m
Education
(years)

9 10 12 13 12 10 10 9 10 13 13 13 13 9

Family
background

Partner, one child
(from his girlfriend)

Partner Single Partner Married, one
child

Partner,
two
children

Married, no
children

Married,
two
children

Partner Married, one child
(from his wife)

Married,
no
children

Divorced, new partnership
(for 10 years), two children

Single Married,
two
children,
NN was
adopted
at very
young
age

Psychiatry
history/somatic
complaints

Headache, migraine
(for two years)

No No No Closed head
injury with
headache,
ataxia, right
arm hemi-
paresis
(eight years
before),
diagnosis of
conversion
hysteria
(seven years
before) with
recovery
from
symptoms.
Diffuse
abdominal
and chest
pain without
organic
causation

No No Arrested
because of
two rapes
(20 years
ago), motor
symptoms
indicating
potential
mild
apoplexy
without
structural
verification
(10 years
ago and
quick
recovery)

No No No Hypothyroidism Episode of
diss.
amnesia
two years
ago (full
recovery)

No

Stressful events/
circumstances

Unknown Conflicts
with
mother

Stress at work No Stress at
work

A lot of
work

No Accusation
because of
sexual
duress

Stress
with her
partner,
conflicts
with her
parents

Bullying at work,
wife had problems
with alcohol

No Stress at work (bullying) Unknown Bullying
at work

Critical incident Car accident Fire in
his
house

Sudden
unconsciousness
in the shower

Sudden
unconsciousness
while in the
shower with her
partner

Car accident
during a
foreign
assignment

Fall
from
roof

Went
unconscious
for
unknown
reasons
during a
morning
shower

Notification
of
accusation

Fall
from
staircase

Wife announced
divorce, thereafter
on the way to
work by car he
had hallucination
about his wife
lying in a puddle
of blood

Fall
from
staircase

Fall from staircase Unknown Request
of pay
raise
had
been
rejected

Amnesia type Diss. amnesia Diss.
amnesia

Diss. amnesia Diss. amnesia Diss.
amnesia

Diss.
amnesia

Diss.
amnesia

Diss.
amnesia

Diss.
amnesia

Diss. amnesia Diss.
amnesia

Diss. amnesia Diss. fugue
(two days)

Diss.
amnesia

Amnesic time
period

Whole life-span Last six
years

Last six months Last two days Whole life-
span

Whole
life-
span

Last 12
years

Whole life-
span

Last 15
years

Last 19 years Whole
life-
span

Whole life-span Last 34
years

Last two
weeks

Abbreviation: diss. amnesia = dissociative amnesia. diss. fugue = dissociative fugue.
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2003; Piefke et al., 2003). In accordance with the aforementioned
hypothesis, in the case of a patient with dissociative retrograde
amnesia (Piolino et al., 2005), the right ventrolateral/inferolateral
prefrontal cortex was hypometabolic as shown in a resting state
positron emission tomography (PET) investigation. Furthermore,
autobiographical memory retrieval requires considerable self-refer-
ential processing (Tulving, 2002). Given that the prefrontal cortex is
strongly involved in processing information related to one's own self
(Johnson et al., 2002; Northoff et al., 2006), both the medial and the
lateral prefrontal cortex play sections play crucial roles in autobio-
graphical memory retrieval in healthy individuals.

On the basis of these findings, we hypothesized functional
alterations in the prefrontal cortex of patients with dissociative
amnesia. To the best of our knowledge, there is no group study
available that examined potential functional brain abnormalities in
larger samples of patients with dissociative amnesia. In addition, it is
also unclear whether or not patients with this condition also suffer
from anterograde memory deficits and other neuropsychological
impairments. Therefore, we present a multi-case study of dissociative
amnesia patients comprising both, functional neuroimaging and
neuropsychological data. We examined a sample of 14 amnesic
patients without structural brain damage with various neuropsycho-
logical tasks and resting state [18F]fluorodeoxyglucose PET (FDG-PET)
and compared their neuroimaging results with those of 19 healthy
individuals without memory problems.

2. Methods

2.1. Participants

Participants comprised 14 patients (11 males) with the diagnosis
of dissociative amnesia (DSM-IV, American Psychiatric Association,
1994). The patients' mean agewas 36.57 years (S.D.=10.66). The data
were collected over the last 10 years. The patients were diagnosed by
neurologists and psychiatrists after extensive neurological and
psychological–psychiatric investigation. Other main diagnoses (axis
1) were excluded (posttraumatic stress disorder, major depression,
schizophrenia, substance abuse or addiction). Previous or current
neurological diseases (tumor, neurodegenerative diseases) were also
exclusion criteria. However, co-morbid personality changes or
previous dissociative symptoms (conversion-like symptoms or pre-
vious signs of dissociative amnesia), as well as somatic symptoms
(migraine, headache, chest pain), did not lead to exclusion from the
study. In addition, all subjects were extensively interviewed (in
Table 2
Summary of the patients' performance in the neuropsychological tasks.

AA BB CC DD EE F

Retrograde memorya

Autobiographical
Episodic – – – – − – – – – −
Semantic − − O O − −

General semantic − − O O − −
Anterograde memory
Verbal − − – – – – O O
Figural − − − – – − O

Intelligence O O + + O O
Working memory
Verbal − − O + O O
Visuo-spatial − − O + − O

Attention and concentration − − O + O O
Executive functions
Flexibility − – – O + − O
Problem solving O − O + − O

+=above average (above 1S.D. from normal performance); O=average (within 1S.D
performance); ––=impaired (outside 2S.D. from normal performance).

a Retrograde memory performance refers to retrieval of information formerly acquired w
accordance with the German version of the Structured Clinical
Interview for DSM-IV; First et al., 2002) and examined with several
retrogradememory tasks (see Section 2.3) by the authors of this study
(MB, NR, EF or HJM) in order to confirm the diagnosis of retrograde
amnesia and to exclude potential other axis 1 diagnoses. Signs of
dissociative identity disorder have also been assessed. No patient
fulfilled the diagnostic criteria for dissociative identity disorder. In all
patients, standard structural brain imaging (computed tomography or
magnetic resonance imaging) did not reveal any signs of abnormal-
ities. Standard neurological examinations and all laboratory tests were
normal in all patients included in the study. The FDG-PET examination
was conducted between 2 weeks and 6 months after the amnesia
onset. Note that within this time window, none of the patients had
recovered from amnesia. Information about the patients' socio-
demographic and psychiatric background, including information
about previously experienced stress and the type of critical incident
before onset of amnesia, are shown in Table 1.

The control group for the PET analyses consisted of 19 healthy
individuals (13 males) without previous or current neurological or
psychiatric conditions. The control subjectswere examinedmedically in
order to exclude any participant with current or history of neurological
or psychiatric disease. All participants gave written informed consent
prior to the investigation. The control subjects' mean age was
45.32 years (S.D.=13.2). The patients did not differ from the control
subjects regarding age (t=−2.03, df=31, PN0.05) and gender
(Chi2=0.419, df=1, PN0.05). Note that the control subjects' mean age
was slightly but not significantly higher than the patients' mean age.
Potential age-relatedmetabolic reductionswould thus be in favor of the
slightly younger patient group. Individual metabolic rates in each
patient were also compared with a larger age-matched and standar-
dized norm group (see description of the TSI method in Section 2.2).

Three patients enrolled in the current study have been published in
previous articles. Case BB has been described as AMN in Markowitsch
et al. (1998). Patients EE and GG are reported in Fujiwara et al. (2008)
as cases CD and EF. All other patients have not been described in
previous publications.

2.2. Positron emission tomography investigation

We measured regional cerebral metabolic rate for glucose using
[18F]fluorodeoxyglucose (FDG) PET and a high-resolution PET scanner.
The scans were performed after overnight fasting on three different
types of scanners: three patients on a ECAT EXACT-scanner with 47
transaxial image planes with a voxel size of 3.75 mm (Siemens CTI,
F GG HH II JJ KK LL MM NN

− − − − − – – − – –

O − − O O − − O
O − − O + − − O

+ – – – – O − O O +
+ – – − O O + O +
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O − − O − O − +
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. of the norm group's mean); –=lower than average (outside 1S.D. from normal

ithin the amnesic time period.



Fig. 1. Relative decreases in regional cerebral glucose metabolism in 24 patients with
dissociative amnesia relative to 19 control subjects (sagittal, frontal andhorizontal views as
“glass brains” and superimposed onmagnetic resonance imaging sections, MRI template).
The cross indicates the locus of the only significantly deactivated spot in the right
inferolateral prefrontal cortex (Pcorrectedb0.001, x=26 mm, y=24 mm, z=−14 mm).
The homologous hypometabolic regionwithin the left inferolateral prefrontal cortex failed
to reach significance (Pcorrected=0.083, x=−22 mm, y=24 mm, z=−14 mm).
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Knoxville, TN, USA), four patients on an ECAT EXACT HR-scanner with
47 transaxial image planeswith a voxel size of 3.125mm (Siemens CTI,
Knoxville, TN, USA) and seven patients on a high-resolution scanner
with 207 transaxial image planes with a voxel size of 1.219 mm (ECAT
HRRT, Siemens CTI, Knoxville, TN, USA). The scans of the healthy
control group were originally acquired at eight centers, with PET
scanners that differed slightly with respect to field of view and spatial
resolution. Thus, original images were not comparable. Due to pre-
smoothing and normalization before statistical analyses, images had
the best possible contrastable image quality. Cerebral metabolismwas
assessed after intravenous injection of 185–370 MBq. The investiga-
tions were conducted in a resting state with eyes closed and ears
unplugged in a room with dimmed light and low background noise.
Subjects were instructed to be relaxed and to not think about specific
issues. Datawere acquired in a 3-Dmode, subsequently reconstructed,
including a correction for random coincidences, attenuation, and
scatter. All images from both the patients and the healthy control
subjects were processed on a voxel-by-voxel basis using Statistical
Parametric Mapping (SPM99, The Wellcome Department of Cognitive
Neurology, London, UK) implemented in MATLAB 6.1 (Mathworks,
Sherborn, MA, USA). All scans were smoothed by a Gaussian filter of
8mm FWHM. The images were subsequently spatially normalized to a
standard stereotactic space by affine 12-parameter transformation
using the SPM-99 standard brain template. For a general overview of
patients and control subjects, each single image was achieved using
the TSI tool (according to the method established by Herholz et al.,
2002), which reveals statistically significant hypometabolic regions
compared with age-matched normal controls. Significant regions are
indicated on anMRI templatewith Talairach brain coordinates; cluster
size and significance are shown separately. The TSI method is a
diagnostic indicator to reveal FDG-PET scan abnormality, based on
age-adjusted t-statistics and an automated voxel-based procedure
that compares the individual FDG-PET results with those of a large
data set comprising 110 normal controls. The TSI method was
preferred to an individual SPM-statistic for reasons of a larger,
standardized norm group.

2.3. Neuropsychological test battery and psychological–psychiatric
inventories

In addition to the functional imaging investigation, an extensive
neuropsychological test battery was conducted with each patient
assessing intelligence, verbal and figural anterogradememory, attention,
and executive functions. However, as this was a multi-center study, we
unfortunately did not administer the same tests to all patients. Table 2
summarizes performance levels of the patients. Main functions were
assessed by standard neuropsychological tasks, such as the Wechsler
Memory Scale, the Rey-Osterrieth Complex Figure, the Modified Card
SortingTest, theTrail-MakingTest, andverbalfluency (tests are described
elsewhere, e.g., Lezak et al., 2004; Strauss et al., 2006). Personality and
psychiatric symptomsweremeasuredwith standardized questionnaires:
Freiburg Personality Inventory (Fahrenberg et al., 2001), the Beck
Depression Inventory (BDI) (Hautzinger et al., 1995) and the Symptom
Check List (SCL-90-R) (Franke, 2002).

Retrograde memory was assessed with tests measuring autobio-
graphical–episodic, autobiographical–semantic and general semantic
remotememory. Episodic remotememorywas assessed by the Bielefeld
Autobiographical Memory Inventory developed on the basis of the
Autobiographical Memory Interview (Kopelman, 1990). This inventory
consists of a semi-structured interview assessing memory for facts and
incidents from the subjects' life regarding specific time periods (see also
Fujiwara et al., 2008). Time periods of 0–5 years of age, 6–10 years, 11–
17/18 years, 19–30 years and 31 years to onset of amnesia were tested
(note that in patients younger than 31 years, the last part was not
applied). In thefive patientswhowere older than 36 years at the time of
the examination, twoadditional timeperiodswere tested (last 5 and last
10 years). Subjects were required to provide five autobiographical facts,
two autobiographical episodes and additional details on one out of the
two episodes per time period tested. Here, patients were asked to rate
how imaginable and vivid the memory was, and they were asked to
recall the specific context surrounding the episode (e.g., theweather, the
temperature, the events before and after the specific episode and so on).
To cue specific episodes, a list of generic events (e.g., “first kiss”,
“vacation”, and “first dayat school”)was shownas a retrieval aid. Results
were corrected for facts or events that were re-learned after onset of
amnesia and these re-learning instances were validated by the patients'
relatives.

Semantic remote memory was tested by a Famous Events Test
adapted from Leplow and Dierks (1997) and ad hoc designed tasks
(Famous Names and Current Words Tests) which have previously been
used in another study on retrograde memory by Fujiwara et al. (2008).
In the Famous Events Test, patients were given verbal descriptions of 24
public events (e.g., “In which city did Lady Diana die?”) that had
happened between 1980 and 2001. Subjects were asked to freely recall
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the facts. In case they could not answer the specific questions, theywere
shown five potential answers and were asked to choose the correct one
(multiple choiceparadigm). The FamousNames Test consists of a total of
20 blocks of names each having five names. One of the five names per
block is a famous person (from different categories such as sports,
politics, or show business); the other four names per block are fictitious.
The patients were asked to choose the famous name. They were also
asked to provide any additional information about the famous person
(e.g., profession). In the Current Words Test, 25 words that became
common during roughly the last three decades (e.g., “Taliban”, “www”)
were successively presented to the patients and they were asked to
explain the meaning of the words.

In all tests, results were corrected for self-reported re-learned
items after onset of amnesia. These re-learning instances were also
validated by the patients' relatives. Further details on the tasks can be
found in Fujiwara et al. (2008).

2.4. Statistical analyses

The patients' and the control subjects' age was compared by a two-
sample t-test. Gender distribution in the two groupswas analyzed using
Chi2-test. Both behavioral analyses were conducted with SPSS 12.0 for
Windows (Chicago, SPSS Inc.). Patients' performance in the neuropsy-
chological tasks was compared with norm group data and was rated as
lower than average if a patient's score was outside the range of 1
standard deviation and rated as impaired if a patient's scorewas outside
of 2 standard deviations from the normal population's scores (see
Table 2).Weused the two-sample t-test option in SPM99 for the analysis
of regionally specific glucose utilization in the patients compared with
the control subjects. The brain data of all patients were compared with
the healthy subjects at each voxel for either hypometabolic or
hypermetabolic regions. Potential regional hypermetabolism was also
analyzedbecauseprevious studies showed that somecircumstances (e.g.,
HPA axis hyperactivity)may result in hypermetabolism in prefrontal and
limbic regions (Aihara et al., 2007). Therefore,we aimed to test functional
brain changes in both directions: hypo- and hypermetabolism. The
threshold P-level was 0.001 (corrected). A correction for multiple
comparisons as implemented in SPM99 was done.

3. Results

Comparing regional glucose utilization as measured by FDG-PET
revealed only one significant group difference between patients and
control subjects (Pcorrectedb0.001, cluster level; cluster size: 441,
z=5.43), namely a metabolic reduction in the right inferolateral
prefrontal cortex in the patient group (at Talairach coordinates
x=26 mm, y=24 mm, z=−14 mm, Fig. 1). This metabolic decrease
in the right inferolateral prefrontal cortexwas significant individually in
10 of the 14 patients as revealed by a case-by-case analysis (on the basis
of the TSI normalization; see Section 2.2). Further individual reductions
of metabolic rates were within the left supramarginal gyrus (four
patients), bilateral orbitofrontal cortex (two patients), left insula (two
patients), left hippocampus and left cingulate gyrus (two patients), left
superior temporal gyrus (two patients), and cerebellum, left posterior
cingulate gyrus, left medial frontal gyrus and right superior temporal
gyrus in one patient, respectively. Comparedwith the control group and
the healthy subjects (TSI method), respectively, hypermetabolic regions
in the patients were found neither in the group analysis nor in the case-
by-case analysis.

The results of the neuropsychological test battery are shown in
Table 2. In summary, all patients had severe autobiographical–
episodic memory deficits covering either the whole life-span (in six
patients) or ranging from the last 2 days to the last 34 years prior to
the critical incident. Autobiographical–semanticmemorywas reduced
in eight patients. However, in all of these subjects, the autobiogra-
phical–episodic memory deficits were more prominent than the
autobiographical–semantic impairments. In general semantic mem-
ory, eight patients had moderate difficulties in at least one of the
administered tasks. In additional neuropsychological tasks, six
patients showed deficits or lower performance than average in both
verbal as well as figural anterograde memory. Two further patients
had either verbal or figural anterograde memory impairments or
lower performance than average, respectively. Executive functioning
was reduced in seven patients (four patients had scores lower than
average, three patients performed outside of 2 standard deviations).
In the personality and psychiatric screenings, 10 patients showed
abnormalities in at least two assessed domains, most frequently lower
scores on the “openness” scale (nine patients). Eight patients reported
depressive symptoms in the depression questionnaire (without
having the diagnosis of major depression according to DSM-IV) and
six patients showed signs of additional psychiatric symptoms as
indicated by a high general index score in the administered psychiatric
screening inventory.

4. Discussion

4.1. General considerations

This is the first study that revealed functional brain changes in a
relatively large sample of patients with dissociative amnesia. Themain
result is that in the absence of structural alterations in all 14 patients,
functional brain changes in the right inferolateral prefrontal cortex
accompanied this amnesic syndrome dominated by severe autobio-
graphical–episodic memory deficits.

The localization of the hypometabolism in the right inferolateral
prefrontal cortex across cases is an interesting finding. It emphasizes
and expands previous reports on the right prefrontal cortex as an
essential structure for triggering information related to the self and
that its malfunction may disrupt access to self-related memories. It is
known that the (right) prefrontal cortex is associated with the
evaluation of one's own self (Schmitz et al., 2004; Schmitz and
Johnson, 2006), self-regulatory processes (Declerck et al., 2006;
Marsh et al., 2006), emotion regulation (Phillips et al., 2003), and the
discrimination between lies and truth (Langleben et al., 2005).
Furthermore, the inferolateral region is linked to retrieval of emotional
autobiographical content with a predominance for negative or sad
events (Markowitsch et al., 2003). Its role in emotional memory is
supported by the strong interconnections between the inferolateral
prefrontal section and the amygdala, a structure critically involved in
processing emotionally loaded memories (McGaugh, 2005, 2006). The
inferolateral prefrontal region is also engaged in higher order control
mechanisms and active memory retrieval (Kostopoulos and Petrides,
2003). In accordancewith the aforementioned findings, we suggest that
in patients with dissociative amnesia, a consistent malfunction in this
brain region indicates that stress- or trauma-related experiences may
deactivate the right prefrontal cortex and thereby inactivate trigger
signals that are necessary for synchronizing limbic and neocortical
structures for reinstating engrams of personal relevance.

Beyond this, the (primarily right-sided) inferolateral prefrontal
cortex supports functioning of the dorsolateral section, which is linked
to executive components (Brand et al., 2004; Lie et al., 2006;
Vanderhasselt et al., 2006), working memory (Hillary et al., 2006),
and memory organization (Ptak and Schnider, 2004). All the
aforementioned functions constitute important aspects of consciously
remembering one's own biography (Conway and Pleydell-Pearce,
2000; Kopelman, 2000; Kopelman and Kapur, 2001; Tulving, 2002).
This means that in patients with dissociative amnesia, hypometabo-
lism within the inferolateral prefrontal cortex may indirectly
compromise executive functioning that can also be linked to retrieval
deficits, as proposed by Kopelman (2000).

In addition to these prefrontal cortex functions, the locus of
hypometabolism found in our patients is comparable to the results in
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the single case reported by Piolino et al. (2005). The result that this
frontal section is hypometabolic even in a resting state condition in the
absence of a memory retrieval task supports the view of fundamental
brain dysfunction in patients with dissociative amnesia. Furthermore, it
is also comparablewith the region of damage ordysfunctions inpatients
suffering from retrograde amnesia of organic origin (Costello et al.,1998;
Levineet al.,1998). These convergentfindings emphasize the crucial role
of the right inferolateral prefrontal cortex in retrieving remote
autobiographical information. They also point to possible similarities
between organic and dissociative amnesias (Markowitsch, 1996a,b;
Markowitsch et al., 1999b) meaning that even in patients without
structural brain damage functional brain alterations accompany the
amnesic syndrome. The functional changes may be comparable to
functional imaging findings in patients with retrograde amnesia of
organic causation, such as caused by hypoxia (Markowitsch et al.,1998).

As proposed by Piolino et al. (2005) and Costello et al. (1998), the
right inferolateral prefrontal cortexmay be a crucial node in triggering
autobiographical memory retrieval in patients with dissociative
amnesia. One might argue that these patients suppress unwanted
memories rather than that they suffer from a retrieval deficit.
However, as shown by Anderson et al. (2004), motivated forgetting
of memories seems to be associated with activation of the dorsolateral
prefrontal cortex and decreased activity in the right hippocampal
formation. Interestingly, we failed to find right-sided hippocampal
hypometabolism in our sample of patients in either the group
comparison or the individual analyses. Note that we only found a
decreased metabolic rate in the left hippocampus in two patients.
Therefore, we suggest that retrieval deficits in patients with
dissociative amnesia are related to stress-associated dysfunctions in
the inferolateral prefrontal section rather than to active andmotivated
forgetting of memories.

One has to mention that functional abnormalities of inferolateral
prefrontal regions are also found in psychiatric diseases besides
dissociative amnesia. For instance, functional abnormalities in prefrontal
sections have been reported in patients with depression (Brooks et al.,
2009) and schizophrenia (Horacek et al., 2006). Thus, inferolateral
prefrontal hypometabolism is not necessarily a specific neural correlate
of dissociative amnesia. Interestingly, however, patients with depression
and schizophrenia also frequently suffer from autobiographical memory
abnormalities (Corcoran and Frith, 2003; Danion et al., 2007;Warren and
Haslam, 2007). Thus, functional abnormalities of the inferolateral
prefrontal cortex may be a main correlate of autobiographical memory
dysfunctions, which are most pronounced in the condition of dissociative
amnesia and dissociative fugue.

Future studies may also compare neural correlates of dissociative
amnesia with those of other types of dissociation, because there are
current studies on the neural bases of dissociation, such as out-of-
body experience (e.g., Blanke et al., 2004; Bünning and Blanke, 2005),
depersonalization (e.g., Lemche et al., 2007), and dissociative identity
disorder (e.g., Reinders et al., 2003; Reinders, 2008). Comparing
potential functional brain abnormalities across different forms of
dissociation may contribute to a better understanding of the nature
and origin of dissociative symptoms.

We would also like to comment briefly on the additional
hypometabolic regions found in the individual case analyses (TSI
method). For instance, in two patients we found hypometabolic rates
in the orbitofrontal cortex bilaterally. The orbitofrontal cortex is
known to be critically involved in memory retrieval whenever the
information recalled is emotionally colored (Brand and Markowitsch,
2006), which is particularly the case in autobiographical memory
retrieval (Markowitsch et al., 2003). Furthermore, left insula, left
hippocampal formation and left cingulate gyrus were hypometabolic
in two patients. These structures are also part of limbic circuits that
are engaged in episodic memory encoding and retrieval (Marko-
witsch, 2000; Cabeza and St Jacques, 2007; Daselaar et al., 2008).
These additional findings give further support for our suggestion that
functional brain changes in dissociative amnesia correspond to the
episodic memory pathology.

The result of deficient anterogradememory in somebut not in all cases
is in accordance with the multi-case study of Kritchevsky et al. (2004) in
which five out of nine patients with retrograde amnesiawere impaired or
performed lower than average in verbal anterograde memory, while four
patients performed normally. Other cases andmulti-case studies also give
evidence for bothdeterioratedaswell asnormal anterogradememory (De
Renzi et al.,1997;Gliskyet al., 2004; Fujiwara et al., 2008). Thefinding that
cognitive flexibility and problem solving were impaired or lower than
average in half of the patients studied emphasizes the important role of
executive functions in the recall of autobiographical–episodic memories,
and – consequently – the relationship between executive problems and
dissociative amnesia as proposed by Kopelman (2000) and also shown by
Glisky et al. (2004). Note that in our sample the majority of patients with
executive functioning lower than average in at least one executive domain
(patients AA, EE, KK, and MM) and those with executive dysfunctions
(outside of 2 standard deviations, patients BB, HH, and II) had more
pronouncedretrogradememorydeficits than thosewithnormalexecutive
functioning. As the inferolateral prefrontal cortex strongly supports
dorsolateral functioning, at least in higher order executive functions
necessary for retrieving autobiographical memories, executive dysfunc-
tions and retrieval deficits in patients with dissociative amnesia can co-
vary and potentially share a similar neural basis.

4.2. Limitations and conclusions

We would like to mention the following limitations of the current
study. First, we did not have the chance to administer the same
neuropsychological tasks to all patients. As described in the Sections 1
and 2, the phenomenon of dissociative amnesia is a very rare
condition. We collected the data over several years and in collabora-
tion with different clinics. Most of the patients' cognitive functions
were assessed at intake and with varying neuropsychological test
batteries at the respective hospitals. Therefore, patients were not
examined with exactly the same tasks in all cases. Consequently, with
the current setup we cannot quantify the exact extent to which the
neuropsychological status of the patients co-varied with the imaging
findings. A group studywith dissociative amnesia patients inwhich all
patients are assessed identically and within a short period of time
would certainly be desirable, although this may prove difficult due to
the rarity of the syndrome. Secondly, the PET results may have been
affected by the time of investigation (2 weeks to 6 months after onset
of amnesia). Although we did not find a systematic co-variation
between time after onset and PET findings in the case-by-case
analyses, we cannot rule out that the findings would have been
stronger if the time of the PET investigations had been more
consistent across patients. Thirdly, given the fact that half of the
patients reported depressive symptoms – but again, without fulfilling
the diagnostic criteria for a major depression (cf. Section 2) – we also
cannot exclude that the PET findings were also affected by the
concomitant depressive mood of some of the patients. On a
descriptive level, however, the single case analyses (see Section 3)
did not indicate a co-variation between self-reported depressive
symptoms and metabolic rate within the inferolateral prefrontal
cortex. Nevertheless, the inclusion of a psychiatric comparison group
(e.g., patients with depression) in future neuroimaging studies on
dissociative amnesia could delineate the brain mechanisms that co-
vary specifically with the memory symptoms of dissociative amnesia
in contrast to those accompanyingmood changes. In addition, it seems
worth investigating potential commonalities on both neuropsycholo-
gical and brain levels between dissociative amnesia and dissociative
identity disorder. That comparison would be interesting because
previous studies (see the intriguing review by Reinders, 2008) have
reported specific structural and functional brain changes in dissocia-
tive identity disorder which should be contrasted against those found
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in patients with dissociative amnesia (see comments above on other
types of dissociative conditions).

Structural damage was excluded by visual inspection of CT or MRI
scans of all patients. This measure may further benefit from group-
level voxel-wise analyses to discount potential microscopic structural
brain damage. Since some of the patients could not be examined with
MRI (due to metal implants), unfortunately, such finer-grained
structural brain analysis was impossible in the current study. This
should be done in future studies whenever possible.

We used two different methods for the comparison of the FDG-PET
data but did not correct for partial volume effects in the analyses. The
TSI methodwas published earlier by Herholz et al. (2002) and they did
not report any methodological problems with the TSI method in their
patient sample due to partial volume effects. The SPM evaluation done
in our current study was also not corrected for partial volume effects.
However, in the relatively young patient sample, higher atrophy seems
to be unlikely. In addition, the localization of the hypometabolism
found is not typical for significant partial volume effects. Thus we do
not expect a high influence of partial volume effects in our patient
group. Finally, we did not assess direct neural correlates of the amnesic
symptoms or retrieval attempt, but functional brain abnormalities in a
resting state. As pointed out in previouswork (e.g., Markowitsch, 2003;
Brandt and van Gorp, 2006; Reinhold et al., 2006), one has to consider
that the syndrome is inter-individually heterogeneous. Therefore,
applying one “standard” activation design for studying neural
correlates of retrograde memory functioning in these patients is
extremely difficult. For instance, patients in whom the PET investiga-
tion was carried out 6 months after onset of amnesia would have re-
learned most of their autobiographical “milestones”. In these cases,
presenting, e.g., sentences describing important autobiographical
events – as done in other patients by Fujiwara et al. (2004) – could
trigger remembering re-learned events (i.e., confounding possible
effects of activation to truly remembered, forgotten and re-learned
events). Taken together, it is difficult to develop an activation design
applicable to all patients with dissociative amnesia, although in
principle this would be ideal. Nevertheless, we think that even though
we investigated resting state activity in our patients using PETonly, the
findings support the main hypotheses on functional brain abnormal-
ities centering on the prefrontal cortex in dissociative amnesia patients.

Considering these important limitations, we nevertheless con-
clude that malfunction of the inferolateral prefrontal cortex may
contribute to the retrieval deficits in patients suffering from retro-
grade amnesia in the absence of structural brain changes as this region
is crucially involved in triggering autobiographical memory retrieval
by synchronizing emotional and factual components of the personal
past linked to the self.
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