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Trauma and memory
BESSEL A. VAN DER KOLK MD
Boston University School of Medicitte, Boston MA. USA

Abstract

The study of traumatic memories challenges several basic notions about the nature of tnemory: (i)

that tnetnory always is a constructive process; (ii) that memory is primarily declarative (i.e. that
people can articulate what they know in words and sytnbol) (iii) that tnemory is present in consciousness in a continuous and unititerrupted fashion; and (iv) that metnory always disintegrates in
accuracy over titne. A century of study of trautnatic metnories shows that (i) semantic representations may coexist with sensory itnprints; (ii) unlike trauma narratives, these sensory experiences often tetnain stable over time, unaltered by other life experiences; (iii) they tnay return,
triggered by retntnders, with a vividness as if the experience were happening all over again; and (iv)
these flashbacks may occur in a mental state in which victims are unable to precisely articulate what
they are feeling and thinking. The present paper reviews the literature on trautnatic tnetnories and
discusses the recent neuroitnaging studies which seem to clarify the neurobiological underpinnings
of the differences between ordinary and traumatic tnetnories.
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INTRODUCTION
"Traumatic memory plays an important role in certain
neuroses and psychoses. While some doctors never
trouble their heads about traumatic memories, and are
not even aware of the fact that they exist, and while
others fancy them everywhere, there is room for people
to take a middle course, and to detect the existence of
traumatic memories in specific cases".'
The nature and reliabihty of traumatic tnetnories
has been controversial in psychiatry for over a
century. Trautnatic tnetnories are difficult to study
because the profoundly upsetting emotional experiences that give rise to posttrautnatic stress disorder
(PTSD) cannot be approxitnated in a laboratory setting; even viewing a tnovie depicting actual executions
fails to precipitate posttrautnatic symptotns in nonnal
college students (RK Pittnan, pers. cotntn., 1994). If
trautna is defined as an inescapably stressful event that
overwheltns people's existing coping mechanistns, it is
questionable whether findings of tnemory distortions
in nonnal subjects exposed to videotaped stresses in
the laboratory can serve as a tneaningful guide to
understanditig trautnatic tnetnories. Clearly there is
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little similarity between witnessing a simulated car
accident on a TV screen, and being the responsible
driver in a car crash in which one's own children are
killed. While response to stress evokes hotneostatic
tnechanisms that lead to self-conservation and resource re-allocation,' PTSD involves a unique combination of hyperarousal, learned conditioning and
shattered tneaning propositions. Shalev has proposed
that this cotnplexity is best utiderstood as the cooccurrence of several interlocking pathogenic processes including (i) an alteration of neurobiological
processes affecting stitnulus discritnination (expressed
as increased arousal and decreased attention), (ii) the
acquisition of cotiditioned fear responses to traumarelated stitnuli, and (iii) altered cognitive schemata atid
social apprehension.
Without the optton of sitnulating trauma in the
laboratory, there are otily litnited options for the
exploration of trautnatic tnemories; (i) collecting
retrospective reports frotn traumatized individuals, (ii)
post-hoc observations, or (iii) provoking of trautnatic
tnetnories and flashbacks in a laboratory setting. Surprisingly, since the early part ofthis century, there have
been very few published systematic studies that explore
the nature of trautnatic metnories based on patient reports. Provocation studies of traumatic tnetnories have
been dotie in psychophysiology laboratories,'^'"* and in
tests where patients with PTSD are given drugs that
alter tieurotranstnitter futiction that seetn to promote
access to trauma-related tnetnories,^
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This review will explore the studies that have collected
data on people's memories of highly stressful and traumatic experiences, and will examine the differences
between these two types of experiences. We then will
review the evidence implicating dissociation as the central pathogenic mechanism that gives rise to PTSD,
which causes traumatic memories to be retrieved, at
least initially, in the form of mental imprints of sensory
and affective elements of the traumatic experience. We
then will present the research findings of alteration in
brain structure and function in PTSD that seem to play a
role in these abnormal memory processes and conclude
with a discussion about the nature of traumatic mernories, as contrasted with memories of ordinary events,
and the implications of these diflerences for treatment.

THE STABILITY AND ACCURACY OF
MEMORIES OF STRESSFUL EVENTS
At least since 1889, when Pierre Janet first wrote about
the relationship between trauma and memory,^ it has
been widely accepted that what is now called declarative or explicit memory is an active and constructive
process. What a person remembers depends on existing
mental schetnata; once an event or a particular bit of
information is integrated into existing mental schemes
it will no longer be available as a separate, immutable
entity, but be distorted both by associated experiences
and by the emotional state at the time of recall.^'^ As
Schachtel defined it:
"Memory as a function of the living personality can be
understood as a capacity for the organization and reconstruction of past experiences and impressions in the
service of present needs, fears, and interests".'^

However, accuracy of memory is affected by the
emotional valence of an experience; studies of people's
subjective reports of personally highly significant events
generally find that their memories are unusually accurate and that they tend to remain stable over time."*"'^
It appears that evolution favors the consolidation of
personally relevant information. For example. Yuille
and Cutshall interviewed 13 out of 22 witnesses to a
murder 4-5 months after the event.'"* All witnesses had
provided information to the police within 2 days of the
murder. These witnesses were found to have very accurate recall with little apparent decline over time. The
authors concluded that emotional memories of such
shocking events are 'detailed, accurate and persistent'.'"* They suggested that witnessing real 'traumas'
leads to 'quantitatively different memories than innocuous laboratory events'.
Researchers also have studied the accuracy of
memories for culturally significant events, such as the
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space shuttle Challenger and the murder of President
Kennedy. Brown and Kulik first called memories for
such events 'flashbulb memories'.'^ While people report that these experiences are etched accurately in
their minds, research has shown that even those
memories are subject to some distortion and disintegration over time. For example, Neisser and Harsch
found that people changed their recollections of the
space shuttle Challenger disaster considerably after a
number of years.'^ However, these studies did not
measure the personal significance that their subjects
attached to this event. Clinical observations of people
who suffer from PTSD suggest that there are significant differences between flashbulb memories and the
posttraumatic perceptions characteristic of PTSD. As of
early 1995. I could find no published accounts in the scientific literature of intrusive traumatic recollections of
traumatic events in patients suffering from PTSD that had
become distorted over time, naturally or by manipulation,
either in an experimental or in a clinical setting.

THE COMPLEXITY OF MEMORY SYSTEMS
Contemporary memory research has demonstrated the
existence of a great complexity of memory systems
within each individual, with multiple components, most
of which are outside of conscious awareness. Each one
of these memory functions seems to operate with a
relative degree of independence from the others. To
summarize, declarative (also known as explicit) memory refers to conscious awareness of facts or events that
have happened to the individual.'' This form of
memory functioning is seriously affected by lesions of
the frontal lobe and of the hippocampus, which also
have been implicated in the neurobiology of PTSD.'^
Non-declarative, implicit, or procedural memory refers
to memories of skills and habits, ernotional responses,
reflexive actions, and classically conditioned responses.
Each of these implicit memory systems is associated
with particular areas in the central nervous system.'^
Schacter has referred to the scientific descriptions of
traumatic memories, like those by Pierre Janet, as examples of implicit memory.'^''

THE APPARENT UNIQUENESS OF
TRAUMATIC MEMORIES
The DSM definition of PTSD recognizes that trauma
can lead to extremes of retention and forgetting; terrifying experiences may be remembered with extreme
vividness, or totally resist integration. In many instances, traumatized individuals report a combination
of both. While people seem to easily assimilate familiar
and expectable experiences and while memories of
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ordinary events disintegrate in clarity over titne, sotne
aspects of trautnatic events appear to get fixed in the
mind, unaltered by the passage of titne or by the intervention of subsequent experience. For example, in
our own studies on posttraumatic nighttnares, subjects
claitned that they saw the satne trautnatic scenes over
and over again without modification over a 15-year
period,"' For the past century, tnany students of trauma have noted that the imprints of traumatic experiences seetn to be qualitatively different frotn tnetnories
of ordinary events. Starting with Janet, accounts of the
memories of traumatized patients consistently mention that emotional and perceptual eletnents tend to
be more protninent than declarative cotnponents. """"'*
These recurrent observations of the apparent immutability of trautnatic memories have given rise to the
notion that traumatic tnemories tnay be encoded differently than memories for ordinary events, perhaps via
alterations in attentional focusing, perhaps because of
extreme emotional arousal interferes with hippocatnpal
memory functions,^'"•'*^---""

AMNESIA AND THE RETURN OF
DISSOCIATED MEMORIES
Global memory impairment
While amnesia following adult trautna has beeti welldocutnented, the tnechanistns for such tnetnory itnpairment remains insufficiently understood. This issue
is even more cotnplicated when it concerns childhood
trauma, since children have fewer tnental capacities to
construct a coherent narrative out of trautnatic events.
More research is needed to explore the consistent
clinical observation that adults who were chronically
traumatized as children suffer frotn generalized itnpairment of memories for both cultural and autobiographical events. It is likely that the cotnbination of
autobiographical metnory gaps and continued reliance
on dissociation tnakes it very hard for these patients to
reconstruct a precise account of both their past and
current reality. The combination of a lack of autobiographical metnory, continued dissociation and of
tneaning schetnes that include victitnization, helplessness and betrayal, is likely to make these individuals
vulnerable to suggestion and to the construction of explanations for their trautna-related affects that tnay bear
little relationship to the actual realities of their lives.
Research on traumatic amnesia and delayed
memory retrieval
While the vivid intrusions of traumatic itnages and
sensations are the most dramatic expressions of PTSD,
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the loss of recollections for trautnatic experiences is
well docutnented. The cotnplexity of memory loss for
trautna, and the psychological elaboration of the experience itself is illustrated by a very early case in the
psychiatric literature; Charcot described the case of
Lelog who was in a traffic accident with a horse-drawn
wagon, after which his legs were paralyzed,"^' Although
he fell against the ground, and was unconscious, there
was no neurological sign indicating a sotnatic cause of
the paralysis, Itistead it was discovered that as he fell,
just before losing consciousness, he saw the wheels of
the wagon approaching him, and strongly believed that
he would be run over. This fantasy was dissociated and
gave rise to his paralysis,''" Janet describes a case of a
wotnan who re-enacted her traumatic experience without having any conscious recollection of what had
happened to her,^'"^"* Early in my work with traumatized
patients I described the case of a woman who had lost
all tnetnory of having been involved in the Cocoanut
Grove fire, but who kept re-enacting her experience on
its anniversary,"^'* and of a Vietnatn veteran who set up
the police to re-create a shoot-out with him on the
annivesary of his friend's death, for which he had no
cotiscious recollection,'^"^
For over 100 years, there have been nutnerous descriptions of traumatized patients who suffered from
atnnesia for traumatic experiences. In the detailed case
reports the role of dissociation in amnesia usually is
easy to detect. For exatnple, in his book. The Trautnatic
Neuroses of Wctr, Kardiner describes a patient who had
a cotnplete amtiesia for all the events preceding an accident,"'^ The story was reconstructed by the patient
frotn fragments related to him. During the month of
unconsciousness he was said to have set fire to the
hospital several titnes. Since then, the patient had been
subject to lapses of unconsciousness lasting from 12 h
to 11 days. He was later told that he was taken to a
hospital and that he was fully awake during these
lapses, was active, stnoked, read and talked but was not
his conscious self. He was also told that he did not
appear to be of his 'right mind'. These major lapses of
consciousness occurred at intervals of 5 years. Since
that titne he had only minor ones. They usually began
with a feeling of paralysis in otie extremity, either an
ann or a leg, Sotnetitnes it was only an attack of vertigo,"''' Fragtnents of dissociated tnetnory often returned in dissociative fugue states; for exatnple,
triggered by a sensory stimulus, Kardiner described
patients who becatne agitated, assaultive, using language that would have beeti appropriate to being
caught up in the middle of a military assault. He described how tnany patients, while riding the subway in
New York City, had flashbacks of being back in the
trenches, especially upon entering a tunnel. In other
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cases, people had panic attacks in response to stimuli
reminiscent of the trauma, while failing to make a
conscious connection between how they felt, and the
prior traumatic experience.
Today it is generally accepted that the memory system is made up of networks of related information;
activation of one aspect facilitates the retrieval of associated memories."^^"^^ Emotions and sensations seem
to be the critical cues for the retrieval of information
along these associative pathways. This means that the
emotions attached to any particular experience play a
major role in determining what cognitive schemes will
be activated. In this regard, it is relevant that many
people with trauma histories, such as rape, spouse
battering and child abuse, seem to function relatively
well as long as feelings related to traumatic memories
are not stirred up. However, after exposure to specific
emotional or sensory triggers, they may feel or act as if
they were traumatized all over again. These triggers are
not necessarily intrinsically frightening: any affect or
sensation related to a particular traumatic experience
may serve as a cue for the retrieval of associated sensations, including fear, longing, intimacy and sexual
arousal.
Amnesia of traumatic experiences, with delayed
recall for all or parts of the trauma, has been noted
following natural disasters and accidents,^''''•"'•'''^ warrelated trauma,"""""^"*"^"*'' kidnapping, torture and concentration camp experiences,"^^ ''^ physical and sexual
abuse,•^'"•^ and after committing murder.''"' A recent
general population study by Elliot and Briere showed
that total amnesia of traumatic events occurred in a
certain proportion of victims after every conceivable
traumatic experience (except for witnessing the death of
one's child), and that, in addition, a substantially
higher proportion of victims had significant amnesia of
particular details of these traumatic experiences."''^' For
reasons that are not at all clear, childhood se.xual abuse
seems to have the highest proportion of total amnesia
prior to memory retrieval, with figures ranging from 19
to 38%.""'•""' Amnesia of emotional and cognitive material seems to be age- and dose-related; the younger
the age of the trauma, and the more prolonged, the
greater the likelihood of significant amnesia.^'""''•^^

Trauma and dissociation
Christianson described how, when people feel threatened, they experience a significant narrowing of consciousness, and remain merely focused on the central
perceptual details.^^ As people are being traumatized
this narrowing of consciousness seems to sometimes
evolve into a complete amnesia of the experience. More
than 80 years ago, Janet claimed:
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"Forgetting the event which precipitated the emotion...has frequently been found to accompany intense
emotional experiences in the form of continuous and
retrograde amnesia... They are an exaggerated form of
a general disturbance of memory which is characteristic
of all cmotions""."^'^

He claimed that when people become too upset,
memories cannot be transformed into a neutral narrative; a person is 'unable to make the recital which we
call narrative memory, and yet he remains confronted
by (the) difiicult situation'.' This results in 'a phobia of
memory' that prevents the integration ('synthesis') of
traumatic events and splits off the traumatic memories
from ordinary consciousness.' Janet claimed that the
memory traces of the trauma linger as what he called
'unconscious fixed ideas' that cannot be 'liquidated' as
long as they have not been translated into a personal
narrative. When this occurs they instead continue to
intrude as terrifying perceptions, obsessional preoccupations and as somatic re-experiences such as anxiety
reactions.
Similar observations have been made by other clinicians treating traumatized individuals. For example, in
1945 Grinker and Spiegel noted that some combat
soldiers develop excessive responses under stress and
that these are responsible for the transformation of
stress into a permanent disorder.
"Fear and anger in small doses are stimulating and
alert the ego. increasing efficacy. But. when stimulated
by repeated psychological trauma the intensity of the
emotion heightens until a point is reached at which the
ego loses its effectiveness and may become altogether
crippled....".""

Grinker and Spiegel described that these soldiers
suffered from severe anxiety states, which was accompanied by confusion, mutism and stupor. In civilian
trauma victims Horowitz described an 'acute catastrophic stress reaction', characterized by panic,
cognitive disorganization, disorientation and dissociation.^'' Recent research has shown that having dissociative experiences at the moment of the trauma is the
most important long-term predictor for the ultimate
development of P T S D . " '"'^ Carlson and Rosser-Hogan
found a strong relationship between severity of the
trauma, dissociative symptoms and PTSD in Cambodian refugees.''-"' Bremner etal. found that Vietnam
veterans with PTSD reported having experienced
higher levels of dissociative symptoms during combat
than men who did not develop PTSD."^"" Koopman
et al. found that dissociative symptoms early in the
course of a natural disaster predicted PTSD symptoms
7 months later.*^^ A prospective study of 51 injured
trauma survivors in Israel found that peri-traumatic
dissociation explained 30% of the variance in the 6
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motiths follow-up PTSD symptoms, over and above
the effects of gender, education, age, event-severity,
and intrusion, avoidance anxiety and depression that
followed the event.^^ Peri-traumatic dissociation was
the strongest predictor of PTSD status 6 months after
the event.
While dissociation may be adaptive under extreme
conditions, the lack of integration of traumatic memories is thought to be the pathogenic agent that leads to
the development of the complex biobehavioral changes,
of which PTSD is the clinical manifestation. This observation was first made by Janet, and is confirmed by a
subsequent century of clinical and research data. Janet
proposed that intense arousal ('vehement emotion')
seems to interfere with proper infonnation processing
and the storage of information into narrative (explicit)
memory. Janet, and subsequent students of this issue,
noted that during conditions of high arousal 'explicit
memory' may fail. The individual is left in a state of
'speechless terror' in which words fail to describe what
has happened. However, while traumatized individuals
may be unable to make a coherent narrative of the
incident, there may be no interference with implicit
memory; traumatized people may 'know' the emotional
valence of a stimulus and be aware of associated perceptions, without being able to articulate the reasons
for feeling or behaving in a particular way. Janet proposed that traumatic memories are split ofi' (dissociated) from consciousness, and, instead, stored as sensory
perceptions, obsessional ruminations, or as behavioral
reenactments.^'^^-^" Janet's student Piaget described
how an active failure of sematitic memory leads to the
organization of memory on somatosensory or iconic
levels.^' He pointed out:
"It is precisely because there is no immediate accommodation that there is complete dissociation of the
inner activity from the external world. As the external
world is solely represented by images, it is assimilated
without resistance (i.e., unattached to other memories)
to the unconscious ego".
These and subsequent observations of other traumatized populations suggest that what may most
complicate the capacity to communicate about traumatic experiences is that memories of trauma may have
no verbal (explicit) componetit whatsoever. Instead, the
memory may have been organized on an implicit or
perceptual level, without an accompanying narrative
about what happened. Recent symptom provocation
neuroimaging studies of people with PTSD support the
clinical observation; during the provocation of traumatic memories there is a decrease in activation of
Broca's area, the part of the brain most centrally involved in the transformation of subjective experience
into speech (Rauch etat^~). Simultaneously, the areas

in the right hemisphere that are thought to process
intense emotions and visual images had significantly
increased activation.

ONGOING DISSOCIATION IN
TRAUMATIZED PEOPLE
People who have learned to cope with trauma by dissociating often continue to do so in response to minor
stresses. The continued use of dissociation as a way of
coping with stress means that people remain emotionally constricted and inadequately respond to subsequent tasks. Traumatized people who have dissociated
their traumatic memories seem to not be able to
experience a full range of affects within the same ego
state. The severity of ongoing dissociative processes
(usually as measured with the DES. Bernstein and
Putnam^"^) has been correlated with a variety of psychopathlogical conditions that are thought to be associated with histories of trauma and neglect: severity of
sexual abuse in adolescents, somatization,^"* bulimia,^^
self-mutilation^'' and Borderline Personality Disorder.^^ The most extreme example of this is people who
suffer from dissociatiative identity disorder (multiple
personality disorder), who have the highest DES scores
of all populations studied and in whom separate
identities seem to contain the memories related to different traumatic incidents.'''^
The perceptual organization of traumatic
experience
Numerous studies on trauma note that trauma is organized in the memory on a perceptual level.^'^'""^""'*
Having listened to the narratives of traumatic experiences from hundreds of traumatized children and
adults over the past 20 years, we also keep hearing both
adults and children describe how traumatic experiences
initially are organized on a non-verbal level. Chnical
experience and reading a century of observations by
clinicians dealing with a variety of traumatized populations led us to postulate that "memories' of the trauma tend to, at least initially, be experienced as
fragments of the sensory components of the event; as
visual images, olfactory, auditory, or kinesthetic sensations, or intense waves of feelings that patients usually claim to be representations of elements of the
original traumatic event. What is intriguing is that
patients consistently claim that their perceptions are
exact representations of sensations at the time of the
trauma. For example, when Southwick and his group
injected yohimbine into Vietnam veterans with PTSD,
half of their subjects reported trauma-related perceptions that they reported to be 'just like it was' (in
Vietnam).^
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In a recent study an instrument was designed, the
Traumatic Memory Inventory (TMI), that allowed for
a detailed examination of the nature of traumatic and
non-traumatic memories, and provided a structured
way of recording whether and how memories of traumatic experiences are retrieved differently from memories of personally significant, non-traumatic events.^'''
In order to examine the retrieval of traumatic memories
in a systematic way, we specifically inquired about
sensory, affective and narrative ways of remembering,
about triggers for unbidden recollections of traumatic
memories, and ways of mastering. The TMI describes
(i) nature of trauma(s), (ii) duration, (iii) whether
subject has always been aware that trauma happened,
and if not, when and where subject became conscious
of trauma, (iv) circumstances under which the subject
first experienced intrusive memories; and circumstances
under which they occur presently,.(v) sensory modalities in which memories were experienced as a story, as
an image (what did you see?), in sounds (what did you
hear?), as a smell (what did you smell?), as feelings in
your body (what did you feel? where?), and as emotions
(what did you feel, what was it like?). These data were
collected for how subjects remembered the trauma
initially, while the subject was most bothered by them,
and currently. The TMI also describes (vi) the nature of
fiashbacks, (vii) the nature of tiightmares. (viii)
precipitants of flashbacks and nightmares, (ix) ways of
mastering intrusive recollections (e.g.. by eating,
working, taking drugs of alcohol, cleaning, etc. and (x)
confirmation (records: court or hospital, direct witness,
relative went through same trauma).
We then asked our subjects the same question about
a highly significant experience, such as a wedding, the
birth of a child, etc., and collected the same information. Subjects considered most questions related to the
non-traumatic memory nonsensical; none had olfactory, visual, auditory, kinesthetic re-living experiences
related to such events as high school graduations,
birthdays, weddings, or births. They denied having
vivid dreams or fiashbacks about these events. The
subjects claimed not to have periods in their lives when
they had amnesia of any of these events; none claimed
to have photographic recollections of any of these
events. Environmental triggers did not suddenly bring
back vivid and detailed memories of these events, and
no subject felt a need to make special efforts to suppress
memories of these events.
When asked about the traumatic memory, all of
these subjects reported that they initially had no narrative memory of the event; they could not tell a story
about what had happened, regardless of whether they
always knew that the trauma had happened, or whether
they retrieved memories of the trauma at a later date.
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All these subjects, regardless of the age at which the
trauma occurred, claimed that they initially 'remembered' the trauma in the form of somatosensory fiashback experiences. These flashbacks occurred in a
variety of modalities: visual, olfactory, affective, auditory and kinesthetic, but initially these sensory modalities did not occur together. As the trauma came
into consciousness with greater intensity, more sensory
modalities were activated, and a capacity to tell themselves and others what had happened emerged over
time.
This study suggested that there is a dramatic difference between the ways in which people experience
traumatic memories versus other significant personal
events. It supports the idea that is in the very nature of
traumatic memory to be dissociated, and to be initially
stored as sensory fragments that have no linguistic
components. All of the subjects in this study claimed
that they only came to develop a narrative of their
trauma over time. Five of the subjects who claimed to
have been abused as children were even unable to tell a
complete narrative of what had happened to them as
adults. They merely had fragmentary memories that
supported other people's stories and their own intuitive
feelings that they had been abused.
The traumatic experiences initially were not categorized into a narrative, and they seemed to serve no
communicative function. It appears that as people become aware of more and more elements of the traumatic experience they construct a narrative that
'explains' what happened to them. This process of
weaving a narrative out of disparate sensory elements
of an experience is probably not all that dissimilar from
how people automatically construct a narrative under
ordinary conditions. However, when people have dayto-day, non-traumatic experiences, the sensory elements of the experience are non-registered separately in
consciousness, but are automatically integrated into a
personal narrative.
This study supports Piaget's notion that when
memories cannot be integrated on a semantic/linguistic
level, they tend to be organized in more primitive ways
of information processing: as visual images or somatic
sensations. Even after considerable periods of time, and
even after acquiring a personal narrative for the traumatic experience, most subjects reported that these
experiences continued to be come back as sensory
perceptions and as afiective states. The persistence of
intrusive sensations related to the trauma after the
construction of a narrative contradicts the notion that
learning to put the traumatic experience into words will
reliably help abolish the occurrence of fiashbacks,
which seems to be a central assumption in a variety of
treatment modalities.
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PSYCHOBIOLOGICAL ISSUES REGARDING
TRAUMATIC MEMORIES
Trauma, neurohormones and memory consolidation
When people are under stress, they secrete endogenous
stress hormones that affect the strength of memory
consohdation. Based on animal models it has been
widely assumed that massive secretion of neurohormones at the time of the trauma plays a role in the ways
that traumatic experiences are consolidated into longterm memory. The critical issue here is the long-term
potentiation (LTP) of memory traces.^"^ Mammals
have memory storage mechanisms that modulate how
strongly a memory is consolidated according to the
strength of the accompanying hormonal stimulation.^°'^' This capacity helps organisms evaluate the
importance of sensory input in proportion to how
strongly the associated memory traces are consolidated;
emotionally significant material, consolidated in states
of high arousal, is accessed more easily in subsequent
states of high arousal. In traumatized organisms, the
capacity to access relevant memories appears to have
gone awry; they become too sensitive to access memory
traces related to the trauma and, hence, they tend to
'remember' the trauma too easily, namely when it is
irrelevant to current experience (Pitman etal. Black
Hole of Trautna).
The norepinephrine input to the amygdala determines how strongly a memory trace is consohdated.**"''''
The role of norepinephrine in memory consohdation
has been shown to have an inverted U-shaped function;
both very low and very high levels of CNS norepinephrine activity interfere with memory storage.^"•'^'
Physiological arousal in general can trigger traumarelated memories, while, conversely, trauma-related
memories precipitate generalized physiological arousal.
It is likely that the frequent re-living of a traumatic
event in flashbacks or nightmares cause a re-release of
stress hormones which further kindle the strength of
the memory trace.'^'^

Traumatic memories are state dependent
Research has shown that, under ordinary conditions,
people with PTSD often have a fairly good psychosocial adjustment. However, they do not respond to stress
in the way other people do. Under pressure, they may
feel, or act as if they were traumatized all over again.
Thus, high states of arousal seem to selectively promote
retrieval of traumatic memories, sensory information,
or behaviors associated with prior traumatic experiences (APA 1987, 1994). Traumatized animals also
have been shown to revert to irrelevant emergency be-
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haviors in response to minor stresses. Rhesus monkeys
with histories of severe early maternal deprivation, but
not normally raised monkeys, become markedly withdrawn or aggressive in response to emotional or
physical stimuli (such as exposure to loud noises, or the
administration of amphetamines).^^ In mice, Mitchell
et al. found that their response to novel situations depended on whether or not they had been previously
exposed to high stresses.^^ In states of low arousal,
animals tend to be curious and to seek novelty. Under
ordinary conditions, an animal will choose the most
pleasant of two alternatives. However, during states of
high arousal, they avoid novelty, and revert back to
what is familiar, regardless of the outcome. Mitchell
et al. found that animals who have been locked in a box
in which they were exposed to electric shocks and then
released, return to those boxes when they are subsequently stressed. Mitchell et at. concluded that this
return to familiar patterns of behavior is non-associative (i.e. uncoupled from the usual reward systems).
In people, analogous phenomena have been documented; memories (somatic or symbolic) related to the
trauma are elicited by heightened arousal.^' Information acquired in an aroused, or otherwise altered state
of mind, is retrieved more readily when people are
brought back to that particular state of mind.^^"^^ State
dependent memory retrieval may also be involved in
dissociative phenomena in which traumatized persons
may be wholly or partially amnestic for memories or
behaviors enacted while in altered states of mind.^•™'^**
Contemporary biological researchers have shown
that medications that stimulate autonomic arousal may
precipitate visual images and affect states associated
with prior traumatic experiences in people with PTSD,
but not in control subjects. In patients with PTSD the
injection of drugs such as lactate'' and yohimbine^ tends
to precipitate panic attacks, flashbacks (exact reliving
experiences) of earlier trauma, or both. I believe that
these are examples of state-dependent memory retrieval. In our own laboratory, approximately 20% of
PTSD subjects responded with a flashback of a traumatic experience when they were presented with
acoustic startle stimuli; heightened arousal led to the
retrieval of sensory elements of the trauma that were
ordinarily inaccessible.

Functional and neuroanatomical correlates of
PTSD, and their possible relationship to
traumatic memory processes
Recent brain imaging studies of patients with PTSD
have shown significant limbic system abnormalities.
These may provide the beginnings of an understanding
of both the memory storage and retrieval problems in
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these patients. Two sets of significant findings have now
been demonstrated in the laboratory: (i) decreased
hippocampal volume in people with PTSD, and (ii)
abnormal activation of the amygdala and related
structures, abnormal lateralization, and decreased
Broca's area activity when patients are induced to
re-experience their traumas.
Three different studies, done in three different laboratories, have shown that people with PTSD have decreased hippocarnpal volumes, compared with matched
controls. Bremner found that Vietnam combat veterans
with PTSD had an 8% reduction m the volume of their
right hippocampus compared with veterans who suffered no such symptoms.'^" Stein et al. found a 7% reduction in hippocampus volume in women with PTSD
who had suffered repeated childhood sexual abuse.'^'
Gurvitz et al. found that Vietnam veterans with the
most intense combat exposure and with the most severe
PTSD had an average shrinkage of 26% in the left
hippocampus and 22% in the right hippocampus,
compared with veterans who saw combat but had no
symptoms.'^" The severity of their PTSD was directly
proportional to the degree of hippocampal shrinkage.
I recently have been involved in PET scan studies of
patients with PTSD in which they were exposed to
vivid, detailed narratives of their own traumatic
experiences."* For example, a firefighter who had recovered the charred remains of bodies, and a woman
who accidentally caused the death of her own two
children by going through a red traffic light. These
narratives were read to the patients to trigger their
PTSD symptoms while PET scans were made. For
comparison, the patients also wrote narratives that
invoked a neutral scene. During exposure to the script
of their traumatic experiences these subjects demonstrated heightened activity only in the right hemisphere;
in the areas that are most involved in emotional
arousal, the parts of the limbic system most intimately
associated with the amygdala. Because these structures
are central sites for the experience of anxiety, they have
been called the 'worry circuit'. Activation of these
structures was accompanied by heightened activity in
the right visual cortex, reflecting the flashbacks that
these patients reported. Perhaps most significantly.

Broca's area, the part of the left hemisphere responsible
for translating personal experiences into communicable
language, 'turned off. We believe this to reflect the
speechless terror experienced by these patients, and
their tendency to experience emotions as physical
states, rather than as verbally encoded experiences.
These findings indicate that the PTSD patient's difficulties in putting feelings into words is reflected in
actual changes in brain activity. Striking in this study
was the marked lateralization towards the right hemisphere, which is thought to be in charge of evaluating
the emotional significance of incoming information and
in regulating the autonomic and hormonal responses to
that information. In contrast, Broca's area had a significant decrease in oxygen use during exposure to
traumatic reminders. This probably means that during
activation of the traumatic memory, the brain is 'having' its experience; the person may feel, see, or hear the
sensory elements of the traumatic experience. He or she
may be physiologically impaired from being able to
translate this experience into communicable language
when they are having their traumatic recall, victims
may suffer from speechless terror in which they may be
literally 'out of touch with their feehngs'. Their bodies
may respond as if they are being traumatized again,
with the secretions of the various neurohormones that
are mobilized on those occasions, but this is dissociated
from subjective experience, and the victim cannot 'own'
what is happening, and thus cannot take steps to do
anything about it.
A neuroanatomical model for the failure
of integration of traumatic memories
How can we interpret the significance of these findings
for understanding the nature of PTSD? Table 1 provides a schematic presentation of the interrelationships
between various brain structures involved in the interpretation, storage, and retrieval of information, and
provides a scheme of what may occur when people
suffer from PTSD. Sensory information enters the CNS
via sensory organs (e.g. eyes, nose, skin, ears) which
pass information on to the thalamus. where some of
this information is integrated. The thalamus, in turn,

Table 1. The interrelationships between various brain structures involved in the interpretation, storage, and retrieval of information
Traumatic memory

Narrative memory

Images, sensations, affective and behavioral states
Invariable - does not change over time
Highly state-dependent
Automatically evoked in special circumstances
No condensation in time

Narrative: semantic and symbolic
Social and adaptive
Cannot be evoked at will. Evoked at will by narrator
Can be condensed or expanded, depending on social demands
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passes this raw sensory information on for further
evaluation both to the amygdala and to the prefrontal
cortex. The amygdala interprets the emotional valence
of the incoming information; it attaches emotional
significance to what is coming in. The information
evaluated by the amydala is passed on to areas in the
brainstem that control behavioral autonomic and
neurohormonal response systems. By way of these
connections, the amygdala transforms sensory stimuli
into emotional and hormonal signals, thereby initiating
and controlling emotional responses."^
LeDoux proposes that because input from the thalamus arrives at the amygdala before information from
the neocortex, this earlier arrived sensory input from
the thalamus 'prepares' the amygdala to process the
later arriving information from the cortex. Thus, the
emotional evaluation of sensory input precedes conscious emotional experience; people may become autonomically and hormonally activated before having
been able to make a conscious appraisal of what they
are reacting to. Thus, a high degree of activation of the
amygdala and related structures can generate emotional
responses and sensory impressions that are based on
fragments of information, rather than full-blown perceptions of objects and events."^' LeDoux points out
that emotion itself can be a memory, and he advocates
that emotion be treated as a memory process rather
than as a process that simply influences memory."''
Once the amygdala has assigned emotional significance to sensory input, it passes this evaluation on to
other brain structures, including the hippocampus,
whose task it is to begin organizing and categorizing
this information with previously existing information
about similar sensory input. The strength of the hippocampal activation is affected by the intensity of input
from the amygdala; the more significance assigned by
the amygdala, the stronger the input will be attended to
and the memory retained. However, this interaction has
an inverted U-shaped function; in animals, high level
stimulation of the amygdala interferes with hippocampal functioning.'^'^' This means that very high
levels of emotional arousal may prevent the proper
evaluation and categorization of experience by interfering with hippocampal function. One can hypothesize
that when this occurs sensory imprints of experience
are stored in the memory but because the hippocampus
is prevented from fulfilling its integrative function,
these various imprints are not united into a unified
whole. The experience is consolidated, and later retrieved, as isolated images, bodily sensations, smells
and sounds that feel alien, and separate from other life
experiences. Because the hippocampus did not play its
usual role in helping to localize the incoming information in time and space, these fragments continue to
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lead an isolated existence. Traumatic memories are
timeless, and ego-aien.

EIRFects of high levels of amygdala activation
and decreased hippocampal volume
Both LeDoux and Ademac et cti have shown that onetime intense stimulation of the amygdala will produce
lasting changes in neuroneal excitability and enduring
behavioral changes in the direction of either fight or
flight.'^"^"^^ In kindling experiments with animals, Ademac ct al. have shown that permanent changes in limbic
physiology can cause lasting changes in defensiveness
and in predatory aggression.^^ An animals's pre-existing
'personality" had a major effect on how high levels of
amygdala stimulation affected them; 'fearless' animals
become more aggressive, while shy and withdrawn animals become even more shy and withdrawn. In animals,
previous personality characteristics can be exaggerated
by trauma; it is likely that this is true for people.
The twice replicated finding that people with chronic
PTSD have decreased hippocampal volume might explain some of the behavioral abnormalities seen in
people with chronic PTSD. In animals, decreased hippocampal functioning causes behavioral disinhibition;
it IS likely that this is the stage for the animal to interpret
incoming stimuli in the direction of deserving emergency (fight/flight) responses. If the same is true for
people, this might explain why patients with PTSD have
difliculties "taking in" and processing arousing information, and to learn from such experiences. Their altered biology would make them vulnerable to react to
newly arousing stimuli as a threat, and to react with
aggression or withdrawal, depending on their premorbid personality. Their decreased Broca's area functioning during this time would make it difficult for them
to 'understand" what is going on; they experience intense emotions without being able to name their feelings. Their bodies are aroused, and fragments of
memories may be activated, but they are unable to form
a clear mental construct of what they are experiencing.
Needing to re-estabhsh their internal homeostasis, they
use their muscles; discharge via smooth muscles leads to
psychosomatic reactions, while discharge through the
striated muscles leads to action. Both are likely to have
adverse consequences. Neither solution allows much
chance to learn from experience.

CONCLUSIONS
When people receive sensory input they generally automatically synthesize this incoming information into
the large store of pre-existing information. If the event
is personally significant they generally will transcribe
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these sensations into a narrative, without conscious
awareness of the processes that translate sensory impressions into a personal story. Our research shows
that in contrast with the way people seem to process
ordinary information, traumatic experiences initially
are imprinted as sensations or feeling states, and are
not collated and transcribed into personal narratives.
Both my interviews with traumatized people, and my
brain imaging studies of them, seem to confirm that
traumatic memories come back as emotional and sensory states, with little capacity for verbal representation. This failure to process information on a symbolic
level, which is essential for proper categorization and
integration with other experiences, is at the very core of
the pathology of PTSD.
We have earlier written about Janet's clear distinctions between traumatic and ordinary memory.^ According to Janet, traumatic memory consists of images,
sensations, affective and behavioral states, that are invariable and do not change over time. He suggested
that these memories are highly state-dependent and
cannot be evoked at will. They also are not condensed
in order to fit social expectations. In contrast, according to Janet, narrative (explicit) memory is semantic
and symbolic, it is social, and adapted to the needs of
both the narrator and the listener and can be expanded
or contracted, according to social demands.
The irony is that, while the sensory perceptions reported in PTSD may well reflect the actual imprints of
sensations that were recorded at the time of the trauma,
all narratives that weave sensory imprints into a socially communicable story are subject to condensation,
embellishment and contamination. While trauma may
leave an indelible imprint, when people start talking
about these sensations, and try to make meaning of
them, it is transcribed into ordinary memory, and. like
all ordinary memory, it is prone to become distorted.
People seem to be unable to accept experiences that
have no meaning: they will try to make sense of what
they are feeling. Once people become conscious of intrusive elements of the trauma they are liable to try to
fill in the blanks, and complete the picture.
Like all stories that people construct, our autobiographies contain elements of truth, of things that we
wish did happen, but that did not, and elements that
are meant to please the audience. The stories that
people tell about their traumas are as vulnerable to
distortion as people's stories about anything else.
However, whether the brain is able to take pictures,
and whether some smells, images, sounds, or physical
sensations may be etched into the mind and remain
unaltered by subsequent experience and by the passage
of titne, retnains to be answered.

B. A. van der Kolk
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