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Recently there has been an increase in interest in the relationship between stress
and memory. Brain regions which are involved in memory function also effect
the stress response. Traumatic stress results in changes in these brain regions;
alterations in these brain regions in turn may mediate symptoms of
posttraumatic stress disorder (PTSD). Neural mechanisms which are relevant
to the effects of stress on memory, such as fear conditioning, stress sensitization,
and extinction, are reviewed in relation to their implications for PTSD. Special
topics including neural mechanisms in dissociation, neurobiological
approaches to the validity of childhood memories as they apply to controversies
over the “False Memory Syndrome,” and implications of the effects of stress
on memory for psychotherapy, are also reviewed. The findings discussed in this
paper are consistent with the formulation that stress-induced alterations in
brain regions and systems involved in memory may underlie many of the
symptoms of PTSD, as well as dissociative amnesia, seen in survivors of
traumatic stress.
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Stress and Memory: Formulating the Questions

Recently there has been increased attention to the relationship be-
tween stress and memory. This is due to several factors. First, there has
been an enhanced awareness of the role that dissociation plays i;l the acute
response to trauma, and the importance of dissociative symptoms in the
clm'lcal prgscntation of patients with stress-related psychopathology. These
patients dissociate at the time of combat-related trauma (Bremner- et al
1992; Marmar et al, 1994), and recall of traumatic events often occurs i;l,
a q:§5001ated form. The “playback” quality of dissociative memories which
originally were experienced in a dissociative state suggests that a unique
type of encoding and retrieval occurs with trauma-related dissociative
memories. Other aspects of dissociation, including the gaps in memo
which occur with amnesia, and the forgetting of aspects of identity whicrl}l,
are a .part. of the dissociative splintering of identity, also suggest that dis-
sgcnan‘on. is related to abnormal memory. We speculate in this paper that
d}ssoc1at|0n may be related to an abnormality of functioning of brain re-
gions and systems involved in memory.

The controversy surrounding recall of childhood abuse experiences
has also created an increased interest in the relationship between stress
and memory. A substantially larger number of individuals are coming for-
ward with accusations of childhood abuse in comparison to 20 years ago
Some authors feel that many of these reports are not related to historicai
fact (L.oftus, Garry, & Feldman, 1994). They maintain that many psycho-
therapists are practicing a form of psychotherapy known as “recovered
memory therapy”, which operates on the principle that a large proportion
of psychopathology is related to childhood abuse which is not available
fOl: ready recall, and that the goal of therapy is to “dig out” memories of
c}‘uldhood abuse. These authors feel that psychotherapists practicing thera-

El-e‘s_‘sqctzh as re.c‘ow./ered memory therapy may be suggesting events of child-
110od abuse which never occurred, leading to what has been termed the

false memory syndrome.” However, studies have shown that as many as
38% of abuse survivors will not remember significant episodes of abuse
many years after the event (Williams, 1994a). An important question re-
lated to these findings is whether the forgetting of abuse which has been
documented in these studies is due to “normal forgetting”, as some
authprs have claimed (Loftus, Garry, et al., 1994), or whcther, there are
spe‘c‘:lal mechanisms in abuse survivors, which have been termed “amnesia”
or “repression,” which may result in a special type of forgetting which is
ff)llowed by recall of actual traumatic events many years after the event
first occurred (Williams, 1994b). Some answers to these questions could
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possibly be obtained through an understanding of the effects of stress on
memory.

Stress also has effects on memory which are clinically relevant to
memory functioning in patients with psychopathology related to traumatic
stress. Patients with stress-related psychopathology have a variety of mem-
ory disturbances, including deficits in new learning, gaps in recall, and
overrepresentations of specific trauma-related memories (Pitman, 1989).
Memory is in fact a survival mechanism which comes into play during ex-
posure to a traumatic stressor. Efficient recall of memories associated with
previous stressors is crucial for survival. If one encounters a dangerous
situation, the rapid recall of the memory of a previous encounter with a
similar situation could be life-saving. In this paper we review the effects
of stress on memory, charting a wide course from the descriptions of symp-
toms provided by trauma patients to what is known about neurobiological
correlates of the effects of stress on memory. We also review several con-
cepts which are important in the understanding of the effects of stress on
memory, and how these findings are applicable to clinical practice, includ-
ing stress sensitization, fear conditioning, and extinction (Bremner, Davis,
Southwick, Krystal, & Charney, 1993; Charney, Deutch, Krystal, South-
wick, & Davis, 1993). We also review topics relevant to the relationship
between stress and memory, such as mechanisms in dissociation, validity
of memories of childhood abuse, and principles of psychotherapy for

trauma Survivors.

Mechanisms of Normal Memory Functioning

Memory formation involves encoding, storage (or consolidation), and
retrieval. Encoding is the initial laying down of the memory trace. Storage
involves the keeping of the memory trace over time. A related concept is
consolidation, which refers to the process, which can occur over several
weeks or more, of establishing the permanence of a memory trace, during
which time the memory trace is theoretically susceptible to modification.
Retrieval is the process of bringing out a memory from storage into con-
sciousness.

Memory can also be categorized according to memory type. Squire
& Zola-Morgan (1991) have divided the different types of memory function
into declarative (“explicit”) and nondeclarative (“implicit” or “procedural”)
memory (Figure 1). Explicit memory includes free recall of facts and lists,
and working memory, which is the ability to store information in a visual
or verbal buffer while performing a particular operation utilizing that in-
formation. In contrast, implicit memory is demonstrated only through tasks
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or skills in which the knowledge is embedded. Forms of implicit memory
include priming, conditioning, and tasks or skills. Priming involves providing
the first few letters of a word and asking the subject to say the first word
that comes to mind. An amnestic patient with deficits in free recall may
demonstrate normal recall with the assistance of priming. Conditioning re-
fers to the development of consistent physiological and emotional responses
to a previously neutral stimulus. The most common animal model of con-
ditioning (reviewed below) involves pairing a tone or a light (the condi-
tioned stimulus) with an electric shock (the unconditioned stimulus). With
repeated trials, the conditioned stimulus alone will be able to evoke re-
sponses such as an increase in startle amplitude which were previously only
elicited by the unconditioned stimulus. This paradigm implies that a form
of learning has occurred which is embedded in the conditioned response,
and is not available for conscious recall.

Another way to think about memory is in terms of cognitive and emo-
tional forms of memory. The conditioned response following the pairing
of footshock and a tone suggests that there is memory for emotions which
can be evoked by stimuli in the environment which trigger recall for the
original emotional state. This type of memory is to be distinguished from
cognitive recall, which involves the recall of verbal or visual material (i.e.,
the “facts” as opposed to the “feelings”). Alterations in memory function
in PTSD involve both cognitive and emotional memory.

Memory
Explicit Implicit
(Declarative) (Nondeclarative)

N\

Recall of Facts Working Memory

-delicits in
varbal recall Skills
Primi Nonassociative
riming learning
-alterations Conditioning
in verbal behavior _ponditioned
emotional
responses

Figure 1. Schematic diagram of the functional organization of memory based on the formu-
lation of Squire & Zola-Morgan (1991). Memory-related abnormalities which have been dem-
onstrated in PTSD patients are indicated in italics.
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Traumatic Memories, Lost and Found: The Role of Dissociative
Amnesia in Stress-Induced Psychiatric Disorders

Memory function is altered in patients with stress-related psychiatric
disorders, and traumatic memories are stored and retrieved in a different
way than the types of stressful memories outlined above. Traumatic stress
can lead to both a strengthening of particular memory traces related to
traumatic events, as well as gaps in memory, which are known as amnestic
episodes. For instance, in one study of World War II (WWII) combatants
it was found that immediately after a major campaign, about 5% of the
soldiers who had been combatants had no memory for the events which
had just occurred (Torrie, 1944). Amnesia can be defined as gaps in
memory which are not due to ordinary forgetting. Some authors use the
term “repression” in a way which is essentially synonymous with amnesia.
Understanding the mechanisms involved in amnesia may provide impor-
tant insights into the effects of stress on memory. Amnesia has been
found to be the dissociative symptom area which is most elevated in Vi-
etnam combat veterans with posttraumatic stress disorder (PTSD) in
comparison to Vietnam combat veterans without PTSD as measured with
the Structured Clinical Interview for DSM for Dissociative Disorders
(SCID-D) (Bremner, Steinberg, Southwick, Johnson, & Charney, 1993).
Amnestic symptoms in these patients ranged from gaps of memory
which lasted from minutes to hours to days. Some patients reported
driving down the highway from Boston to New Haven, and suddenly
realizing that they had covered 2 hr of the trip and had no recall of
what had happened during that time. One patient said that he was
walking down a street in Boston, and the next thing he knew he was in
a motel room in Texas. Another patient disappeared from an inpatient
psychiatric unit, and found himself in the woods somewhere in Illinois,
in the middle of the night, wearing combat fatigues. A patient of one of
the authors with a history of childhood sexual abuse reported that she
was on the telephone at her day hospital program, and the next thing
she knew she was at home in bed. One patient had symptoms of PTSD
and had been in combat in Vietnam, although he had no recali of any-
thing related to the 12 months he was there. These clinical case examples
provide a feeling for the wide range of phenomena which characterize
dissociative amnesia in patients with a history of exposure to extreme
psychological trauma.

It is unclear why amnestic memories emerge at certain times and
not at others. One possibility is that state-dependency determines recall
of amnestic material. According to this model, specific memories may only
be available for retrieval when certain mood states are present, such as
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anger or depression. Studies in fact show that retrieval is facilitated when
the mood state at the time of retrieval is the same as the mood state
which was present at the time of encoding (Bower, 1981). Consistent with
this, PTSD patients often report that when they are in a particular physi-
ological or emotional state they will have the recall of a trauma-related
event for which they previously were amnestic. One of the authors of the
current review first became interested in PTSD when, as a psychiatry resi-
dent, he was called in the middle of the night by a Vietnam combat vet-
eran with PTSD who had just been in a house fire. He had to go back
into the burning house in order to rescue other people who were trapped
inside. He had had previous experiences pulling comrades from a burning
helicopter while in Vietnam, an event for which he was previously amnes-
tic. After the house fire incident he had a sustained flashback to the origi-
nal event in Vietnam, and when he called the psychiatrist on duty he could
not be communicated with, and all he could say was “Got to get them
out, got to get them out!”, Traumatic recall often occurs in dissociated
states which are reminiscent of the state in which the event originally was
experienced. It may be that during states of arousal, release of neuro-
modulators such as norepinephrine (as reviewed below) leads to patho-
logical recall of traumatic memories for which the patient may have been
previously amnestic.

Dissociative identity disturbances are also relevant to understanding
the effects of stress on memory. One way to view identity is as a series of
memories related to one’s life story which have been collected over the
course of a lifetime. Traumatic stress can interrupt the thread of that series
of memories, or result in special memories which do not fit in with the
others in a continuous way, leading to a splintering of identity. An example
of this is survivors of childhood abuse who will ascribe abuse experiences
to a shameful or wicked persona (which is related to the phenomenon of
childhood abuse victims blaming themselves for what others inflict upon
them), leaving pleasant memories for other aspects of the self which are
ascribed with more positive qualities. Aspects of the self which are associ-
ated with the abuse can then be forgotten, only to reemerge at a later
date. Combat veterans will frequently describe a “warrior,” often with their
radio name attached to it (the special nickname they used on the radio
while in Vietnam), which they describe as having developed while in Viet-
nam, and to which they attribute special capacities, such as exceptional
strength when challenged and the ability to fight others without fear. This
is in contrast with other “peacetime” personalities which interact with their
familics and other people in civilian life. Often the “warrior” personality
will come out during times of stress, for example, when the person is chal-
lenged to a fight. In summary, dissociative symptoms of amnesia and iden-
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tity disturbance may be related to alterations in memory function in trauma
Survivors.

Neuropsychological Studies Show Deficits in Memory Function in
Trauma Survivors with Psychiatric Disorders

Evidence from a variety of studies from throughout the greater part
of this century have provided evidence for deficits in explicit memory func-
tion with traumatic stress. Concentration camp survivors from the second
World War were found to have high rates of impairment in explicit memory
function (Helweg-Larsen et al., 1952). In one group of 321 Danish survivors
of WWII concentration camps with high levels of psychiatric symptomatol-
ogy who were seeking compensation for disability, there were complaints
of memory impairment suggestive of deficits in explicit recall 10 or more
years after release from internment in 87% of individuals. Severe intellec-
tual impairment was also found on testing in 61% of cases (Thygesen, Her-
mann, & Willanger, 1970). Prisoners of the Korean War have been found
to have an impairment on explicit memory tasks of free verbal recall, meas-
ured with the Logical Memory component of the Wechsler Memory Scale,
in comparison to Korean veterans without a history of containment (Sutker,
Winstead, Galina, & Allain, 1991), although these findings may be due to
a decrease in body mass due to starvation (Sutker, Galina, West, & Allain,
1990). We have measured explicit memory function with the Wechsler
Memory Scale (WMS)-Logical (verbal memory) and Figural (visual mem-
ory) components in Vietnam combat veterans with PTSD (n = 26) and
controls matched for factors which could affect memory function (n = 15).
PTSD patients had significantly lower free verbal recall (explicit memory)
as measured by the WMS-Logical component, without deficits in IQ as
measured by the Wechsler Adult Intelligence Scale-Revised (WAIS-R;
Bremner et al,, 1993). PTSD patients also had deficits in explicit recall as
measured with the Selective Reminding Test (SRT), for both verbal and
visual components. We have subsequently found deficits in explicit memory
tasks of free verbal recall measured by the WMS-Logical component in
adult survivors of childhood abuse seeking treatment for psychiatric disor-
ders (Bremner et al., unpublished data). Studies have found deficits in ex-
plicit short-term memory as assessed with the Auditory Verbal Learning
Test (AVLT) in Vietnam combat veterans with PTSD in comparison to Na-
tional Guard veterans without PTSD (Uddo, Vasterling, Brailey, & Sutker,
1993) and using other measures of new learning and memory in Vietnam
combat veterans with PTSD in comparison to controls (Yehuda et al.,
1995). Studies are currently in progress in female Vietnam combat nurses
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with PTSD (J. Wolfe, personal communication, 10/94). Deficits in academic
performance have also been shown in Beirut adolescents with PTSD in
comparison to Beirut adolescents without PTSD (P. Saigh, personal com-
munication, 8/94). These studies suggest deficits in encoding on explicit
memory tasks. Other studies in patients with PTSD have shown en-
hanced recall on explicit memory tasks for trauma-related words relative
to neutral words in comparison to controls (Zeitlin & McNally, 1991).
In summary, the findings are consistent with both deficits in encoding
on explicit memory tasks, deficits in retrieval, as well as enhanced en-
coding or retrieval for specific trauma-related material.

Another area which will probably receive increased attention in com-
ing years is the role of alterations in implicit memory function in patients
with PTSD [for a review of implicit memory, see Schacter (1995)]. A rela-
tively understudied phenomenon is the effect that cognitive processes which
are not available to active consciousness have on mental life (Kihlstrom,
1987). Studies are needed to examine the effect of unconscious trauma-re-
lated material on cognition. An initial approach to this area has been a
study which showed that patients with PTSD had an enhancement of im-
plicit recall (i.e., recall following priming) for trauma-related words relative
to neutral words in comparison to controls (Zeitlin & McNally, 1991).
These findings may have implications for the intrusiveness of trauma-re-
lated memories relative to normal memories in patients with PTSD.

Abnormalities in the Stroop test, which are associated with activation
of the cingulate cortex, have been associated with PTSD. Delays in color-
naming with trauma-related words such as “body-bag” are involuntary, and
provide quantitative measures of the intrusive cognition which is an impor-
tant part of PTSD. Vietnam combat veterans with PTSD have been found
to take longer to color-name “PTSD” words than obsessive words, positive
words, and neutral words, and this delay was correlated with severity of
PTSD symptomatology as measured by the Mississippi Scale (McNally,
English, & Lipke, 1993; McNally, Kaspi, Riemann, & Zeitlin, 1990). Stroop
interference has also been shown in patients with PTSD related to the
trauma of rape (Cassiday, McNally, & Zeitlin, 1992; Foa, Feske, Murdock,
Kozak, & McCarthy, 1991). These studies therefore make Stroop interfer-
ence a highly-replicated finding in PTSD.

Neuroanatomical Correlates of Explicit Memory Function: Free Recall
and Working Memory

Neuroanatomical studies support a role for the hippocampus in ex-
plicit memory. In the famous case of H.M,, bilateral resection of the medial
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temporal lobes (i.e., hippocampus and adjacent structures) was associated
with severe deficits in explicit memory measured with free verbal recall
(Scolville & Milner, 1984). Lesions studies in monkeys have shown that
the hippocampal formation (dentate gyrus, hippocampus proper, subicular
complex, and entorhinal cortex), and surrounding perirhinal and parahip-
pocampal cortices (but not the amygdala) (Zola-Morgan, Squire, & Ama-
ral, 1989), play an important role in explicit recall as measured with delayed
matching to sample memory tasks (a test of the working memory type of
explicit memory function) (Mishkin, 1978; Murray & Mishkin, 1986; Zola-
Morgan, Squire, Amaral, & Suzuki, 1989). The medial nucleus of the thala-
mus is also involved with the hippocampus in short-term recall.

The prefrontal cortex has been described as being an interface be-
tween interoceptive and exteroceptive, or internal and external, experience
(Goldman-Rakic, 1988). This makes it well suited for the integration of
sensory phenomena during states of stress. One area in the prefrontal cor-
tex is involved in explicit recall as measured by working memory tasks and
has been termed the dorsolateral prefrontal cortex, principal sulcus, or mid-
dle frontal gyrus (Goldman, 1971). Positron emission tomography (PET)
oxygen-15 water studies of cerebral blood flow in normal human subjects
have shown activation of left dorsolateral prefrontal cortex during explicit
memory encoding (reviewed in Tulving, Kapur, Craik, Moscovitch, &
Houle, 1994), and visual and verbal association (Petersen, Fox, Posner, Min-
tun, & Raichle, 1988), and activation of right dorsolateral prefrontal cortex
during explicit memory retrieval (reviewed in Tulving et al., 1994) and with
sustained attentional tasks (Pardo, Fox, & Raichle, 1991). These findings
together provide strong evidence for the role of prefrontal cortex in explicit
recall, as well as the sustained attention required for memory formation.

Parietal cortex has been demonstrated to play an important role in
spatial memory and attention. Lesions of the posterior parietal lobe in rats
result in deficits in spatial memory processing, as measured by the capacity
to explore displaced objects (Save, Poucet, Foreman, & Buhot, 1992). Sin-
gle-cell recordings from alert monkeys have shown an activation of the pa-
rietal cortex when monkeys are required to attend to a visual location
(Posner, Petersen, Fox, & Raichle, 1988). PET oxygen-15 water studies of
sustained vigilance and attention in healthy volunteers have shown in-
creases in blood flow in the right prefrontal and superior parietal cortex
during sustained attention (Pardo et al., 1991). Tasks of working memory
have also shown activation of right parietal cortex (Jonides et al., 1993).

Explicit memory formation is not instantaneous. After the laying
down of the original memory trace there is a process which can take from
weeks to months, called consolidation, during which the stored memory is
subject to modification or deletion. Electroconvulsive treatments (ECT) af-



ter training sessions in rats impair memory for the training experience. As
the interval between the ECT and the training session increases, the se-
verity of memory impairment decreases (McGaugh & Herz, 1972). Studies
of humans who have received ECT suggest that the process of memory
consolidation has a much longer time course. ECT results in an impairment
for recall of television programs for 1 to 2 years before administration of
ECT, while memory for older programs is normal (Squire, Slater, & Chace,
1975). These findings suggest that modification of the original memory
traces can occur for a considerable period of time after the original event.

Although the hippocampus and adjacent structures are important in
encoding and retrieval, they do not play a major role in the long-term stor-
age of explicit memory. Monkeys with lesions of the hippocampus are im-
paired in the recall of recently learned objects, although their recall of
objects learned in the distant past is normal, suggesting that memories are
stored initially in the hippocampus, and after several weeks are reorganized,
with storage in other brain areas such as the neocortex (Zola-Morgan &
Squire, 1990). The evidence is more consistent with the fact that memories
are stored in the primary neocortical sensory and motor areas and later
evoked in those same cortical areas (Damasio, 1990; Squire, 1986). Visual
information is stored in the occipital cortex, tactile information in the sen-
sory cortex, auditory information in the middle temporal gyrus, and olfac-
tory information in the orbitofrontal cortex. It has been hypothesized

(Zola-Morgan & Squire, 1990) that the role of the hippocampus is to bring

together memory elements from diverse neocortical areas at the time of
retrieval of explicit memory.

Neuroanatomical Correlates of Implicit Memory Function: Conditioned
Fear, Priming, and Cued Recall

The amygdala is an important mediator of emotional memory (Sarter
& Markowitsch, 1977). The paradigm of conditioned fear has been utilized
as an animal model for stress-induced abnormalities of emotional memory
(reviewed in Davis, 1992; LeDoux, 1993). Conditioned fear responses me-
diated by the amygdala are measured with the acoustic startle response.
The acoustic startle response is a primitive reflex which is part of the ani-
mal’s response to threat. The startle response can be potentiated by the
addition of something aversive, such as electric shock. The neuroanatomy
and neurophysiology of emotional memory (measured by the conditioned
fear response in animals) have been well characterized (Davis, 1992; Le-
Doux, 1993). Lesions of the central nucleus of the amygdala have been
shown to completely block fear-potentiated startle (Hitchcock & Davis,

1986), while electrical stimulation of the central nucleus increases acoustic
startle (Rosen & Davis, 1988). The amygdala integrates information which
is necessary for the proper execution of the stress response, including (in-
ternal) emotion and information from the external environment (Turner &
Herkenham, 1991). The central nucleus of the amygdala projects to a va-
riety of brain structures which are involved in effecting the stress response
(Hitchcock & Davis, 1991; Rosen, Hitchcock, Sananes, Miserendino, &
Davis, 1991). The hippocampus also plays a role in fear responses to the
context in which the electric shock took place (Kim & Fanselow, 1992; Phil-
lips & LeDoux, 1992).

The neocortex plays a role in some types of implicit memory function.
Procedural (or “implicit”) memory is accessible only through performance
by engaging skills or operations in which the knowledge is embedded, as
demonstrated by priming. An example of priming is providing the first few
letters of the forgotten word and asking the subject to say the first word
that comes to mind. Priming can improve memory performance in patients
with anterograde amnesia (i.e., deficits in explicit memory, or the recall of
things such as names and facts) (Moscovitch, 1985). Priming effects require
only the intactness of the cortical sensory area in which the memory was
originally stored (Squire, 1986).

Effects of Stress on Brain Regions Involved in Memory

Brain regions involved in memory are also involved in effecting the
stress response. Removal of the cerebral cortex results in extreme fear re-
sponses and aggressive behavior (reviewed in LeDoux, 1977), which is due
to a loss of cortical inhibition of subcortical (limbic) brain regions, including
the hypothalamus, thalamus, hippocampus, amygdala, orbitofrontal cortex,
and cingulate (Figure 2). Limbic brain regions mediate memory function,
fear-related behaviors, and the stress response, and in turn are affected by
exposure o traumatic stress. The effects of stress on these brain regions
are reviewed individually below. .

Stress has effects on the hippocampus which lead to both changes in
its cytoarchitecture as well as deficits in explicit recall. Studies of monkeys
who died spontaneously following exposure to severe stress due to improper
caging and overcrowding were found on autopsy to have damage to the
CA2 and CA3 subfields of the hippocampus (Uno, Tarara, Else, Suleman,
& Sapolsky, 1989). High levels of glucocorticoids which are released during
stress have been found to be associated with hippocampal damage (Sapol-
sky, Uno, Rebert, & Finch, 1990), including a loss of pyramidal neurons
(Uno et al,, 1989) and decreased dendritic branching (McEwen, Gould, &
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Neuroanatomy of Traumatic Recall in PTSD
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Figure 2. Diagram of brain structures involved in memory. As des?ribed in the
text, sensory information is gated through the thalamus to hippocampus,
amygdala, neocortex, and other areas. Explicit memory cncodlqg and consoli-
dation takes place in hippocampus and adjacent cortical areas (hlppoc.amp}:s+),
thalamus, and prefrontal cortical loci, while long-term storage occurs in primary
sensory cortical areas. Implicit memory functions are also mediated by neocor-
tical areas, while emotional memory is mediated by amygdala and prefrontal
cortical loci.

Sakai, 1992; Watanabe, Gould, & McEwen, 1992; Wooley, Gould, &
McEwen, 1990) which are associated with deficits in memory (Luine, Vi!-
lages, Martinex, & McEwen, 1994). Glucocorticoids appear to exert their
effect by increasing the vulnerability of hippocampal neurons to gndo-
genously released excitatory amino acids (Armanini, Hutchins, Stein, &
Sapolsky, 1990). '
Studies utilizing neuroimaging techniques have found that stress in
humans may be associated with changes in brain structure, including the
morphology of the hippocampus. Studies in concentration camp survivors
from World War II were assessed with pneumoencephalography and found
to have “[cerebral] atrophy of varying degrees . . . . In the majority” (Thy-
gesen et al., 1970). Other authors utilizing pneumoencephalography in
concentration camp survivors reported “diffuse encephalopathy” in 81%
of cases (reviewed in Thygesen et al., 1970). We compared hippocampal
volume measured with MRI in Vietnam combat veterans with PTSD (n
= 26) and healthy subjects (n = 22) matched for factors which could affect
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hippocampal volume, including age, sex, race, years of education, height,
weight, handedness, and years of alcohol abuse. Patients with combat-re-
lated PTSD had an 8% decrease in right hippocampal volume in com-
parison to controls (p < .05), but no significant decrease in volume of
comparison structures including temporal lobe and caudate. Deficits in
free verbal recall (explicit memory) as measured by the Wechsler Memory
Scale-Logical Component, percent retention, were associated with lower
right hippocampal volume in the PTSD patients (r = .64; p < .05) but
not in the controls. There was not a significant difference between PTSD
patients and controls in left hippocampal volume, or in volume of the
comparison regions measured in this study, left or right caudate and tem-
poral lobe volume (minus hippocampus) (Bremner et al., 1994). Recently
we have found a statistically significant 12% reduction in left hippocampal
volume in 17 adult survivors of childhood physical and sexual abuse in
comparison to 17 controls who were matched on a case-by-case basis for
age, sex, race, handedness, years of education, and years of alcohol abuse.
We have also used PET and ['8F)2-fluoro-2-deoxyglucose (FDG) in the
measurement of cerebral glucose metabolic rate following administration
of yohimbine and placebo in Vietnam combat veterans with PTSD (n =
10) and healthy controls (n = 10). We have previously found evidence for
alterations in noradrenergic function as demonstrated with increased
PTSD symptoms, intrusive memories, flashbacks, and anxiety, following
administration of the alpha-2 antagonist, yohimbine, which stimulates
brain norepinephrine release, in PTSD patients in comparison to controls
(Southwick et al., 1993). Animal studies have shown a decrease in meta-
bolism in several neocortical brain regions with electrical stimulation or
yohimbine-induced release of norepinephrine in the brain. Administration
of yohimbine resulted in a differential effect on brain metabolism in PTSD
patients in comparison to controls in orbitofrontal, temporal, parietal, and
prefrontal cortex, with PTSD patients showing a tendency to decrease

hrain matahnlicm whila ~cantrale chawad o tandanae $n teemmanon baalo o

orain metaboism wiile controls showed a tendency to increase brain me-
tabolism with yohimbine in comparison to placebo. PTSD patients also
had a decrease in hippocampal metabolism in the hippocampus in PTSD
patients which was not seen in the controls (Bremner et al., 1992). These
findings are consistent with an increased release of norepinephrine in the
brain following yohimbine in PTSD. Considering the role of nor-
epinephrine in the hippocampus as a neuromodulator which has effects
on memory encoding and retrieval, this suggests the possibility that en-
hanced norepinephrine release in the hippocampus with stressors may be
associated with the pathological recall which is typical of traumatic memo-
ries in patients with PTSD.



Modulation of Memory by Neurotransmitters and Neuropeptides
Released During Stress

Brain chemicals released during stress, which are highly concentrated
in brain regions involved in memory such as hippocampus, amygdala and
prefrontal cortex, modulate memory function (reviewed in De Wied &
Croiset, 1991; McGaugh, 1989; McGaugh, 1990). For instance, removal of
the adrenal medulla, site of most of the body’s epinephrine, results in an
impairment in new learning, which is restored by administration of ade-
quate amounts of epinephrine (Borrell, De Kloet, Versteeg, & Bohus,
1983). Posttraining administration of epinephrine after a learning task in-
fluences retention with an inverted U-shaped curve: retention is enhanced
at moderate doses and impaired at high doses (Gold & van Buskirk, 1975;
Liang, Juler, & McGaugh, 1986; McGaugh, 1990). These effects appear to
be mediated by increasing levels of glucose in the brain, which facilitates
memory function (Gold, 1992). Low-dose (0.2 pg) injections of no-
repinephrine into the amygdala facilitate memory function in an inhibitory
avoidance task, while higher doses (0.5 microgram) impair memory function
(Liang et al., 1986).

There are a variety of other neurotransmitters and neuropeptides
which are released during stress and which modulate memory function.
These include ACTH, glucocorticoids, dopamine, acetylcholine, endo-
genous opiates, vasopressin, oxytocin, and gamma-aminobutyric acid. It is
beyond the scope of this paper to review all of these neuromodulators and
their effects on memory (for reviews see De Wied & Croiset, 1991;
McGaugh, 1990).

Recent studies have begun to address the question of neuromodula-
tion of memory function with stress in human subjects. In one recent study,
the alpha-adrenergic antagonist, propranolol, or placebo, was administered
one hour before a neutral or an emotionally arousing (stress-related) story
in healthy human subjects. Propranolol, but not placebo, interfered with
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recall of the emotionally arousing story, but not the neutral story. This study
suggests that activation of alpha-adrenergic receptors in the brain enhances
the encoding of emotionally arousing memories (Cahill, Prins, Weber, &
McGaugh, 1994).

Findings related to neuromodulation of memory function are of im-
portance for understanding the symptomatology of PTSD. Increased re-
lease of neurotransmitters and neuropeptides with modulatory actions on
memory function during stress probably plays a role in deficits in encoding
and retrieval, as well as the enhancement of specific traumatic memories,
which is part of the clinical presentation of PTSD (Pitman, 1989). Chronic
abnormalities in the function of these neurotransmitter and neuropeptide
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systems in PTSD may contribute to the abnormalities in memory seen in
these patients. For instance, vasopressin has been shown to facilitate trau-
matic recall in patients with PTSD (Pitman, Orr, & Lasko, 1993). Hope-
fully, an extension of preclinical findings on the effects of stress-related
neuromodulators on memory function to clinical populations will enhance
our understanding of memory alterations in PTSD.

Neural Mechanisms Mediating the Effects of Stress on Memory

The mechanism of stress sensitization has implications for under-
standing the symptomatology of patients with PTSD. Stress sensitization
refers to the phenomenon where repeated exposure to a stressor results in
an amplification of responsiveness to subsequent stressors. For example,
acute stress results in an increased release of norepinephrine in the hip-
pocampus as well as other brain regions. Animals with a history of exposure
to prior stressors become sensitized to exposure to subsequent stressors,
so that there is an accentuation of norepinephrine release in the hippo-
campus with a subsequent stressor (reviewed in Bremner et al., 1993;
Charney et al., 1993). As reviewed elsewhere in this paper, norepinephrine
(in addition to other neurotransmitters and neuropeptides) modulates
memory formation and retrieval. This raises the possibility that stress sen-
sitization, acting through neuromodulators such as norepinephrine, may be
associated with alterations in memory encoding and retrieval, which may
have implications for understanding the mechanisms of traumatic recall in
PTSD.

Stress sensitization is clinically applicable to PTSD. Patients with
PTSD have a very difficult time with ordinary stressful events which nor-
mal persons can tolerate without too much trouble. For instance, the stress
of getting in a fender-bender, or having an argument with one’s spouse,
can lead to a total decompensation in these patients. We have found that
exposure to the stressor of childhood physical abuse increases the risk for
the development of combat-related PTSD. This study suggests that sensi-
tization resulting from early childhood stress may increase the vulnerability
for the development of psychopathology in response to a subsequent stres-
sor (combat stress in Vietnam) (Bremner, Southwick, Johnson, Yehuda,
& Charney, 1993). There are other examples of how a history of exposure
to prior stress increases the risk for stress-related symptomatology upon
reexposure to stressors (reviewed in Bremner, Southwick, & Charney,
1994).



Fear conditioning is another neural mechanism which can be mod-
elled in the laboratory and is highly relevant to PTSD. In fear condition-
ing, a normally neutral stimulus (or something which typically has no
effect on the animal, such as a bright light), is paired with an aversive
stimulus such as electric shock. With repetitive pairing of the light and
the shock, a learning process occurs (conditioning) in which the light
alone eventually causes a fear response (Davis, 1992). The role of con-
ditioned emotional responses in PTSD is illustrated by the case of a Vi-
etnam veteran with PTSD who got onto the elevator with a woman who
had ash on her forehead for Ash Wednesday. This was a visual cue re-
lated to a traumatic event where he had seen his friend dead with a single
bullet hole in his forehead. The patient immediately felt very upset, agi-
tated, anxious, and had an increase in heart rate and blood pressure.
There is evidence that the amygdala mediates alterations in emotional
memory as manifested by conditioned responses and other phenomena
in humans (in addition to animals). For example, electrical stimulation
of the amygdala in healthy human subjects has been shown to elicit feel-
ings of anxiety (Chapman et al., 1954) and activation of the stress re-
sponse system, as manifested by increases in peripheral catecholamines
(Gunne & Reis, 1963). Exaggerated startle response (which is mediated
by the amygdala in animals) has been associated with PTSD (Butler et
al,, 1990). We have not found a difference in amygdala volume measured
with MRI between patients with combat-related PTSD and healthy con-
trols (Bremner et al., in press).

The psychophysiology paradigm is an excellent method for studying
conditioned emotional responses in patients with PTSD. Patients with
PTSD have a heightened physiological responsiveness (increased heart rate
and blood pressure) to reminders of the original trauma (combat films and
sounds, scripts of traumatic events) which resemble conditioned responses.
These conditioned responses to cues related to the original trauma are par-
allel to those seen with the conditioned fear paradigm in animals (reviewed
in Prins & Kaloupek, 1995).

A failure of extinction to fear-inducing stimuli is also characteristic of
PTSD. Extinction refers to an inhibition of conditioned responding to cues
associated with a fearful stimulus which takes place gradually over time
fo!lowing the removal of the original fearful stimulus. As an example of a
failure of extinction, childhood abuse survivors who were subjected to being
locked in a dark closet as children may continue to have anxiety responses
every time they are in a dark and enclosed place, even though these cues
are no longer representative of a real threat to their person. On a
neuroanatomical level, extinction involves neocortical (Jarrell, Gentile, Ro-
manski, McCabe, & Sneidermann, 1987; LeDoux, 1993) and orbitofrontal
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(Morgan & LeDoux, 1994) inhibition of amygdala function. We have found
a decrease in glucose metabolism at baseline in the temporal cortex in pa-
tients with PTSD in comparison to controls as measured with PET (Brem-
ner et al., 1992). One might speculate that a decrease in temporal neocortex
function (which includes auditory neocortex) is involved in the failure of
extinction seen in patients with PTSD.

Could Alterations in Brain Regions Involved in Memory Mediate
Symptoms of Dissociation?

There has recently been an increased interest in the link between
symptoms of dissociation and trauma (Nemiah, 1989; Putnam, Guroff, Sil-
berman, Barban, & Post, 1986; Spiegel & Cardena, 1991; van der Kolk &
van der Hart, 1989). Dissociation has been shown to be only modestly cor-
related with other constructs which are seen in the general population and
are not related to psychopathology, such as hypnotizability, openness to
experience, fantasy proneness and the capacity for absorption (Kihlstrom,
Glisky, & Angiulo, 1994). On the other hand, our group (Bremner et al,
1992; Bremner et al., 1993) as well as others (Carlson & Rosser-Hogan,
1991; Koopman, Classen, & Spiegel, 1994; Loewenstein & Putnam, 1988;
Marmar et al., 1994) have found higher dissociative symptomatology in pa-
tients with PTSD in comparison to controls, and an increase in dissociative
states at the time of trauma in patients who later develop PTSD (Bremner
et al., 1992; Marmar et al.,, 1994). Recall of the traumatic event appears
to occur in a dissociated fashion similar to the way the event was originally
experienced.

Little is known about the etiology of dissociative states. The auto-
matic, almost seizure-like quality of dissociative states, and the fact that
they often involve a replay of traumatic memories, suggests that abnor-
malities of brain regions involved in memory, such as the hippocampus,
are involved in their etiology. Consistent with this, electrical stimulation
of the hippocampus, amygdala, and adjacent cortex in human subjects has
been shown to result in symptoms which are similar to those seen in dis-
sociation in many cases, including the subjective sensation of fear, complex
visual hallucinations (i.e., dissociative states), memory recall, deja vu, and
emotional distress (Andermann & Horowitz, 1982; Gloor, Olivier, Ques-
ney, Andermann, & Horowitz, 1982; Halgren, Walter, Cherlow, & Cran-
dall, 1978). We have found an increase in dissociative symptomatology as
measured with the Clinician Administered Dissociative States Scale
(CADSS) and disruption of delayed word recall in normal subjects fol-
lowing intravenous administration of ketamine hydrochloride, a noncom-



petitive antagonist of the N-methyl-D-aspartate (NMDA) receptor. The
.NMDA receptor, which is highly concentrated in the hippocampus, is in-
volved in memory function at the molecular level, through long-term po-
tentiation (LTP). Subjects in this study had a wide range of dissociative
symptoms with ketamine, including out of body experiences, feeling like
their arms were like toothpicks, having gaps in time, feeling that time
stood still, disturbances in the sense of self identity, and derealization
(Krystal et al., 1994). Abnormalities of hippocampal function in PTSD may
result in the altered memory recall typical of dissociation. Other possible
mechanisms in dissociative states include dysfunction of thalamic gating
of sensory information, resulting in a blocking of transmission of sensory
information from the outside, combined with the generation of internal
images derived from recalled memories which have the unreal quality typi-
cal of dream or dissociative states (Krystal et al., 1994).

Relevance of Stress-Induced Changes in Brain Regions Involved in
Memory for the Current Controversy Surrounding the Validity of
Childhood Memories of Abuse

Recently there has been considerable controversy concerning the va-
lidity of recall many years after the fact of events of childhood abuse. Some
authors have claimed that some therapists, practicing specific types of ther-
apy such as “recovered memory therapy,” are suggesting to their patients
abuse incidents which never occurred (Loftus, Garry, et al., 1994).

A number of experiments have suggested that insertions, deletions,
and distortions occur which alter the nature of memory traces. Some
authors have proposed that misleading questions result in enduring distor-
tions of recall. In one study, subjects were asked to view a series of slides
depicting stages in an auto-pedestrian accident. Over 80% of the subjects
who had received misleading information after viewing the slides incorrectly
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ceived correct information correctly identified the slides at the recall stage
(Loftus & Loftus, 1980). These types of studies have been quoted as evi-
dence that recalled memories of childhood abuse are subject to distortion
and insertion of events which do not have a basis in historical fact. Other
recent studies have shown that many individuals later forgot episodes of
abuse (Loftus et al., 1994; Williams, 1994a). In one study, 38% of individu-
als forgot episodes of abuse 20 years after the fact which were serious
enough to merit an emergency room visit at the time when they occurred
(Williams, 1994a). The author of this study suggested that this is due to
amnesia (repression) (Williams, 1994b), although other investigators claim

that this could be due to “normal forgetting” (Loftus et al., 1994). An im-
portant issue here is whether patients with stress-related psychopathology
have normal recall and whether traumatic events are stored in memory
following the same rules as normal or mildly stressful memories (as in
“flashbulb” memories).

The evidence suggests that memories for the types of events that re-
semble those experienced by childhood abuse victims are recalled in a simi-
lar fashion to normal memories or memories of “normal stressors”
(reviewed in Ceci & Bruck, 1993). One study looked at 5- and 7-year-old
children’s recall of the details of a doctor’s exam which involved either a
genital exam or a routine checkup. There were no cases of free recall of
genital touching in cases where children received the nongenital exam; with
direct questioning, only one child incorrectly reported being genitally
touched. Direct questioning revealed that a substantial number of children
who had had a genital exam reported being touched in genital areas, who
had not reported this event on the free recall condition. Accuracy of recall
was better for the genital exam than for the nongenital exam. Children
were highly resistant to misleading questions regarding details of the exam
(Saywitz, Goodman, Nicholas, & Moan, 1991). This study suggests that the
types of events which form the basis of childhood abuse may not be as
subject to distortions, insertions and deletions as more “mundane” memo-
ries.

Based on what is known about the effects of stress on brain systems
involved in memory, mechanisms other than “normal forgetting” are prob-
ably involved in the inability to remember events of childhood abuse. The
hippocampus and adjacent perirhinal and parahippocampal cortices
through the reciprocal connections with multiple neocortical areas have
been hypothesized to bind together information from multiple sensory cor-
tices into a single memory at the time of retrieval (Squire & Zola-Morgan,
1991). Abnormalities of hippocampal function in PTSD may affect this nor-

mal function of the hippocampus in bringing together memory elements
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from diverse neocortlcal sensory areas. This may account for the abnormal
intrusion of some traumatic memories into consciousness, disintegration of
dissociated traumatic memories, and the total lack of recall (amnesia) for
other events. As reviewed above, neuromodulators released during stress
acting on the hippocampus and other brain regions involved in memory
can modulate memory function, suggesting that they could cause changes
in memory formation and retrieval in survivors of childhood abuse. These
are some neural mechanisms which might explain amnesia and delayed re-
call of childhood abuse experiences in abuse victims with stress-related psy-
chopathology.
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Implications of the Effects of Stress on Memory for Treatment

Alterations in memory are an important component of the clinical
presentation of patients with stress-related disorders such as PTSD. Psy-
chotherapy can involve integrating dissociated fragments of memories into
a single unified whole with the associated affect. In order for this to take
place, there must be discussion at some point of the traumatic events. Many
therapists are concerned, however, about how to proceed with psychother-
apy in light of the recent controversy concerning the engendering of false
memories of abuse. They feel that if they ask directly about abuse, they
may be accused of suggesting abuse events to their patients which did not
in fact take place. It is accepted practice in psychotherapy to not lead the
patient along by putting words into their mouths, or providing premature
formulations. Patients should be allowed to tell their own story, not the
story of their therapists. In addition, there is ample evidence that normal
persons are susceptible to misleading questions, and victims of trauma may
be even more susceptible to these effects than normal persons. In light of
these facts, a neutral stance to taking a history about a range of events
seems most appropriate, with positive responses being followed up. In pa-
tients who fail to report abuse, it probably is not good practice to pursue
or “dig” based on hunches or suspicions.

The development of chronic PTSD symptomatology appears to be as-
sociated with an increased resistance to treatment (van der Kolk et al.,
1994). If explicit memory traces are transferred from the hippocampus to
neocortical areas in PTSD patients, as is suggested by the animal studies,
one might speculate that this leads to an indelibility of the memory trace,
and may be a marker of the change from acute to chronic PTSD. This in
turn would lead to chronic flashbacks and intrusive memories which are
resistant to subsequent modification through psychotherapy, unless an in-
tervention can be made in the acute phase of PTSD.

Concluding Remarks

Stress exerts a wide range of effects on memory function and on brain
regions involved in memory. Brain regions involved in memory function,
such as the hippocampus and adjacent cortical regions, thalamus, prefrontal
cortical loci (anteromedial prefrontal cortex, dorsolateral prefrontal cortex,
anq anterior cingulate), amygdala, parietal cortex, and sensory neocortical
reglons are affected by exposure to stress. These brain regions in turn me-
diate the stress response.
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The effects of stress on memory has implications for understanding
the symptomatology of patients with PTSD, the etiology of dissociative
states, and the validity of childhood memories of abuse. Brain regions in-
volved in memory probably mediate many of the symptoms of PTSD, such
as intrusive memories and flashbacks. The gaps of memory, or amnestic
episodes, seen in patients with PTSD may relate to deficient hippocampal
function. Processes in which the hippocampus normally pulls together mem-
ory elements from diverse primary sensory cortical areas and recreate a
unified multi-sensory memory may not occur normally, leading to the sub-
jective experience of amnestic episodes. Deficits in function of the hippo-
campus and possibly adjacent cortical areas could lead to deficits in explicit
memory encoding as well. Alterations in neuromodulators which have ef-
fects on memory formation could be responsible for the abnormal strength-
ening of some traumatic memories and amnesia for others.

The neural mechanisms of sensitization, fear conditioning and failure
of extinction are relevant to understanding the effects of stress on memory.
Stress sensitization occurs when there is an enhanced responsiveness to
stressors following exposure to chronic stress. The amygdala is responsible
for conditioned fear responses which are seen clinically in patients with
PTSD. In conditioned fear, the pairing of a stimulus with a threat (such
as electric shock) leads to an increase in fear responsiveness to the stimulus
when it is presented alone. Sensitization refers to the increase in physi-
ological responsiveness which occurs with repeated stimulation. Sensitiza-
tion to stress may result in increased release of neuromodulators such as
norepinephrine in the hippocampus, amygdala and other areas, leading to
pathological retrieval of traumatic memories. Extinction is the decrease in
responding to a stimulus which was previously paired with a threat, after
the threat has been removed. Extinction to conditioned stimuli is mediated
by neocortical and orbitofrontal inhibition of amygdala function. A failure
of neocortical areas to inhibit the amygdala may explain a failure of ex-
tinction in PTSD. This results in the phenomenon commonly seen in trau-
matized patients in which reminders of the trauma continue to evoke
marked anxiety and fear responses many years after exposure to the original
trauma.

Understanding alterations in brain systems which play a role in mem-
ory has relevance to the treatment of PTSD. Psychotherapy can have the
goal of integration of fragments of dissociated memories into a single uni-
fied whole with the appropriate affect and cognitions. Addressing abnor-
malities of emotional memory manifested by conditioned emotional
responses with techniques such as implosion therapy may be of benefit
(Keane, Fairbank, Caddell, & Zimering, 1989). Finally, understanding the
brain mechanisms involved in alterations in memory in patients with PTSD
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may lead to the development of new pharmacological treatments for PTSD
which target these brain regions.
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