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Objective: There is considerable controversy about delayed recall of childhood abuse. Some
authors have claimed that there is a “false memory syndrome,” in which therapists suggest to
patients events that never actually occurred. These authors point to findings that suggest that
memiory traces are susceptible to modification. The purpose of this paper is to review the
literature on the potential vulnerability of memory traces to modification and on the effects
of stress on the neurobiology of memory. Method: The authors review findings on mecha-
nisms involved in normal memory function, effects of stress on memory in normal persons,
children’s memory of stressful events, and alterations of memory function it psychiatric dis-
orders. The effects of stress on specific brain regions and brain chemistry are also examined.
Results; Neuropeptides and neurotransmitters released during stress can modulate memory
function, acting at the level of the hippocampus, amygdala, and other brain regions involved
in memory. Such release may interfere with the laying down of memory traces for incidents
of childbood abuse. Also, childhood abuse may result in long-term alterations in the function
of these neuromodulators. Conclusions: John Nemiah pointed out several years ago that al-
terations in memory in the form of dissociative amnesia are an important part of exposure to
traumatic stressors, such as childhood abuse. The studies reviewed here show that extreme
stress has long-term effects on memory. These findings may provide a model for understanding
the mechanisms involved in dissociative amnesia, as well as a rationale for phenomena such

as delayed recall of childhood abuse.

R ecently there has been considerable controversy
about the validity of memories of childhood
abuse {1-3). Some individuals have reported delayed
recall of forgotten abuse that occurred during child-
hood, many vears earlier. These reports of delaved re-
call of abuse have been challenged on a number of
tronts, and in some cases individuals have retracted
their allegations. Some authors claim that psycho-
therapists practicing “recovered memory therapy”
created false memories of abuse through leading ques-
tions or excessive insisting {2, 4). These therapists re-
portedly believe that psychopathology is refated to
childhood trauma and that the goal of therapy is to
help patients remember incidents of previously forgot-
ten abuse from childhood.
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The fact that many individuals forger episodes of
childhood abuse is well established. As many as 38% of
trauma victims who experienced abuse severe enough
to result in a visit to a hospital emergency room had no
memorv of the event 20 or more vears later (1, 2). At
issue is the meaning of these findings. Some investiga-
tors have explained the loss of memory of abuse as sec-
ondary to “repression” or dissociative amnesia. They
maintain that memories of abuse may not be available
to consciousness for many vears, or perhaps even for
the individual’s lifetime, although they are present in
the mind (3). The opposite viewpoint holds that the loss
of memories of abuse is a process of “normal forget-
ting” (4). These authors argue that there is a popular
misconception that forgotten memories exist some-
where in the brain and are only awaiting the proper
stimulus or means to bring them to consciousness (3).
Whether there are special mechanisms involved in the
loss of memory of episodes of extreme childhood abuse
in traumarized patients that are not operative in the
normal population is currently not known (6, 7).

Understanding the nature of dissociative amnesia is
important in answering this question. In dissociative
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amnesia, which can be associared with exposure to psy-
chological trauma, information is not available to con-
scious awareness for an extended period of time, al-
though it may have an influence on behavior. John
Nemiah has long been interested in dissociative amne-
sia and the role that other cognitive factors, not avail-
able to conscious awareness, play in behavior. The de-
lineation of these factors has recently become an
important area for research in cognitive psychology, af-
ter a long period of neglect following Freud’s early im-
pact on the field of psychiatry (8, 9). In 1989 John
Nemiah (10) and others (11, 12) drew attention to the
important contribution that Janet made to psychiatry
at the turn of the century in describing the splitting of
consciousness that occurs in response to traumatic
stress. Janet described a constellation of symptoms that
we now categorize as being a part of posttraumatic
stress disorder (PTSD) and the dissociative disorders.
Empirical studies have since demonstrated that an in-
crease in the dissociative symptom of amnesia, defined
as gaps in memory not explained by ordinary forgetful-
ness, is associated with PTSD (13).

Findings from neurobiological studies of memory
may provide insight into the nature of dissociative am-
nesia and delayed recall of childhood abuse in PTSD.
Whart is known about the neurobiology of memory
supports the idea that special mechanisms may be op-
erative in recall of traumatic events, such as childhood
abuse. In animal studies, traumatic stress has been
shown to cause long-term changes in brain regions in-
volved in memory. Neuromodulators released during
stress have both strengthening and diminishing effects
on memory traces, depending on the dose and the par-
ticular type of neuromodulator. Changes in brain re-
gions involved in memory may underlie many of the
symptoms of stress-related psychiatric disorders, in-
cluding symptoms of amnesia (13, 14). In summary,
there are a variety of reasons to believe that memories
of abuse in traumatized patients might be different
from normal memories. This paper will review the con-
troversy surrounding the validity of childhood memo-
ries of abuse, asking whether special memory mecha-
nisms, such as dissociative amnesia, may be operative
in patients with stress-related disorders secondary to
childhood abuse and whether these mechanisms can be
explained from the standpoint of the neurobiology of
memory. This approach may shed some light on the
controversy surrounding the so-called “false memory
syndrome.”

MECHANISMS OF NORMAL MEMORY FUNCTION

In order to appreciate the issues involved in this con-
troversy, it Is Important to review mechanisms in nor-
mal memory function. Memory formation involves en-
coding, consolidation, storage, and retrieval. Encoding
is the initial laying down of the memory trace. Consoli-
dation refers to the process, which can occur over sev-
eral weeks or more, of establishing the permanence of

a memory trace, during which time the memory trace is
susceptible to modification (15, 16). Storage involves
the keeping of the memory trace over time. Retrieval is
the process of bringing out a memory from storage into
consciousness. The memorability of an event increases
when that event is related to preexisting knowledge, is
relevant to existing beliefs or expectations, and/or is re-
lated to other events at the time of encoding. Memory
retrieval is enhanced by cues that are similar to the in-
formation supplied at the time of encoding. In addition,
the memorability of an event increases when the event
is relevant to expectations and beliefs abour the event
(17). In addition, stressful events are often more memo-
rable than ordinary daily life events.

Memory traces that are available for immediate and
conscious recall are known as “explicit” or “declara-
tive” (18). Explicit memory includes free recall of facts
and lists, as well as working memory, which is the abil-
ity to store information in a visual or verbal buffer
while performing a particular operation utilizing that
information. Types of memories not available for con-
scious recall are known as “implicit” memories (8, 9).
Implicit memory can be demonstrated through a par-
ticular task or skill in which the knowledge is embed-
ded. Memories of the emotions associated with an event
are another type of implicit memory, which may not be
available for conscious recall in the same way as explicit
memories. These types of emotional memories can be
studied in the laboratory by using the paradigm of con-
ditioned fear. The conditioned fear paradigm involves
pairing a tone or a light (the conditioned stimulus) with
an electric shock (the unconditioned stimulus). With re-
peated trials, the conditioned stimulus alone will be
able to evoke responses, such as an increase in startle
amplitude, that were previously elicited only by the un-
conditioned stimulus. This model measures a type of
emotional memory that is embedded in the conditioned
response and is not available for conscious recall. Ex-
plicit memory is not fully developed in very young chil-
dren, which suggests that memories from early in devel-
opment are exclusively of the implicit type. Memories
of extreme trauma may be stored in an implicit frame-
work, as is suggested by the animal model of condi-
tioned fear. These types of emotional memories may be
available for conscious recall only during the experienc-
ing of particular affective states. For these reasons, the
mechanisms involved in these types of emotional mem-
ory may be of particular relevance to the recall of child-
hood abuse.

STOP SIGNS AND YIELD SIGNS: HOW MUCH
INTEGRITY DO OUR MEMORIES HAVE?

Recently there has been considerable interest in the
potential vulnerability of memory traces to modifica-
tion after the original laying down of the memory trace.
A number of studies have investigated the effects of mis-
leading information on recall. For instance, using the
verb “smashed” as opposed to the verb “hit” results in
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higher estimates of speed of automobiles bv subjects
who have viewed a film of an automobile accident, as
well as an increase in the number of subjects who incor-
rectly endorse the statement that broken glass was as-
sociated with the accident (19). In a well-known study
(20} subjects were shown a series of slides that told a
story involving a stop sign. These slides were followed
by the reading of a similar verbal narrative in which the
reference to the stop sign was replaced by a reference to
a vield sign. When subjects were tested on recall of ma-
terial related to the slides they were more likely to (in-
correctly) report having seen a yield sign than subjects
who did not receive the misleading information. Ad-
ministration of a memory task in which phrases associ-
ated with a word such as “bed” were read off (“sleep,”
“rest,” “awake") resulted in the false recall of the word
“bed.” even though the word was never administered
(21). Memory can also involve a shift in recall toward
facts that fit one’s expectations. For example, after
hearing a story in which the Six Million Dollar Man
was said to be too weak to carry a can of paint, children
tested 3 weeks later had a shift in their memory toward
recall that was more congruous with their pretesting
knowledge (22). In summary, several studies have
shown that events after the laying down of the memory
trace, such as provision of misleading information, are
associated with alterations in recall. This has led to the
conclusion by some authors that misleading informa-
tion “overwrites,” or replaces, the original memory
trace (23).

Other authors have argued against the overwriting
hypothesis. They point out that if subjects do not re-
member the original information, they may make a
guess based on their recall of the misleading informa-
tion. This would mean that their likelihood of getting
the correct answer is less than that due to chance alone.
In one study (24) subjects viewed slides that included a
hammer, were then given misleading verbal informa-
tion involving a screwdriver, and afterward were given
a forced-choice test to identify what they had seen in
the slides by choosing between a hammer and an item
to which they had previously not been exposed (a
wrench). The authors argued that if there is a true over-
writing phenomenon related to misleading verbal mate-
rial, then subjects exposed to misleading information
should have poorer recall than subjects who have not
been previously exposed to such information. In facr,
there was no decrement in recall in the subjects for
whom the misleading item was not one of the possible
choices in the forced-choice test of recall. These findings
argue against the overwriting hypothesis and in favor
of other explanations for the effects of misleading infor-
mation on recall, such as “source amnesia,” or the for-
getting of the location where the original memory was
encoded. This possibility was examined in another
study (25) by testing subjects for the source of their
memories, as well as for the recalled item. There was no
difference in recall between the subjects who had been
exposed to misleading information and the control sub-
jects (although see reference 26). On the basis of these
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studies, there is not sufficient evidence to conclude that
suggestive information can result in the rewriting of
memory (27, 28). There is not clear evidence in support
of or against the idea that misleading information af-
fects memory recall, and one author has concluded that
the issue “may never be settled™ (26).

These studies, however, may not be relevant to the cur-
rent controversy surrounding delaved recall of incidents
of childhood abuse. They involve assessments of non-
stressful memories in normal individuals. Several lines of
evidence suggest that stressful memories are stored in a
manner that is different from storage of normal memories.
Memories of stressful events are more likely to be stored
as implicit memories and therefore to be less available for
conscious recall. These types of memories may also be
more resistant to permanent forgetting. Amnesia for epi-
sodes of childhood abuse may actually represent implicit
memories of this type that are resistant to permanent for-
getting but that are not available for conscious recall
under normal circumstances.

EFFECTS OF STRESS ON MEMORY IN NORMAL
PERSONS

Some investigators have started to look at recall of
highly stressful (upsetting) events. After President Ken-
nedy’s assassination it was observed that most people
had an enhanced awareness of where they were and
what they were doing at the time they received news of
his death. This led to a hypothesis formulated by Brown
and Kulik (29) that certain events that are surprising
and consequential (emotionally charged), which they
described as “flashbulb memories,” lead to an enhance-
ment of memory of personal circumstances surround-
ing the event. These include such facts as what the per-
son was wearing and doing at the time he or she
received the news. In a study of memories of the attempt
to assassinate President Reagan, stronger emotional re-
actions to hearing the news were associated with a
greater consistency from 1 to 7 months after the event
in memory of the details of personal circumstances at
the time the news was received (30). Some studies of the
explosion on Jan. 28, 1986, of the Challenger space
shurtle (31, 32) but not others (33) showed a relation-
ship between emotional upset at the time the news was
received and ability to recall personal circumstances
several months after the explosion. A relationship of
high emotionality and surprise to vividness of memories
has been found in memories of significant events that
are of personal importance (as opposed to being of na-
tional importance) (34). Differences among study find-
ings in the “flashbulb memory™ literature may be re-
lated to differences in study design, for instance in the
timing of the assessments.

Experimental paradigms have also been used to ex-
amine differences in memory of details regarding stress-
ful and nonstressful situations. Subjects exposed to a
mentally shocking film, in which a voung boy is shot in
the face. had impaired recall of details in the film that
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preceded the outbreak of violence (335) and of words
associated with the face (36), relative to subjects asked
to recall details from a neutral film. Compared to sub-
jects asked to recall details of neutral slides, subjects
who viewed traumatic slides (in which someone has
been injured) had better recall of central details of the
slides and worse recall of peripheral details (37, 38).
Subjects shown pictures depicting a crime scene focused
on such objects as a knife or a gun to the exclusion of
peripheral details (23). Recall of central details in stress-
related slides is better than recall of peripheral content,
even after the greater eye fixation on the central details
ot a stresstul slide is controlled for (39). In summary,
memory associated with stressful events, especially cen-
tral and critcal details but not peripheral details, ap-
pears to be greater than memory of nonstressful events.
Studies showing impaired recall of traumatic slides
have involved memory tests that assessed recall of pe-
ripheral material (40).

EFFECTS OF STRESS ON MEMORY IN CHILDREN:
RELEVANCE FOR VALIDITY OF RECALL
OF CHILDHOOD ABUSE !

Studies have begun to examine memory in children
for events that are similar to those of childhood abuse.
Much of this research has been stimulated by a quest to
determine the reliability of small children as eyewit-
nesses in court. Visits to the doctor have been utilized,
since they involve touching of private areas or proce-
dures such as blood drawing and injections, which bear
some similarity to events that occur in childhood abuse.
These studies have shown that small children are re-
markably reliable and resistant to suggestion (40-42),
although as the age of the children decreases there is an
increase in suggestibility and a decrease in reliability
(43, 44). Four-vear-olds are better able to resist sugges-
tion if they were participants in the event, rather than
bystanders. In addition, children are very resistant to
suggestions regarding abuse; studies show that it is very
rare for children to make errors of commission, even
with suggestive questions such as “He took your
clothes off, didn’t he?” (45, 46). Greater suggestibility
is seen in very young children who are questioned by an
adult (as opposed to another child), indicating that an
eagerness to please authority figures plays a role in sug-
gestibility for young children (43). Children undergoing
physical examinations have been shown to be very reli-
able in the reporting of genital contact, in both open-
ended and direct questioning, and reliability for ques-
tions about the genital examination is actually better
than for questions about the nongenital physical exami-
nation (45, 46). Most of the children have not reported
genital contact unless directly asked (43). These studies
have implications for clinical treatment of childhood
abuse. A lack of direct questioning about abuse experi-
ences in history taking will probably result in many un-
reported cases of abuse.

Studies have also examined the relationship berween
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stress and memory in children. In one experiment (47)
children underwent either blood drawing or an interac-
tion with a friendly stranger. There was no difference
in memory between the stressful and nonstressful
events as measured by identification of the blood-draw-
ing technician or the friendly stranger. Other studies
have also not shown an effect of the stress of blood
drawing on memory in children. However, events
deemed more stressful by doctors and nurses (and cor-
roborated by children’s self-reports), such as inocula-
tion, have been associated with an enhancement of
memory and a resistance to misleading suggestions. The
stress of inoculation was also associated with a relative
enhancement of memory for central details related to
the procedure (41). These findings are convergent with
those already cited, in that memory for central and
emotionally relevant information is enhanced, while pe-
ripheral and unimportant information is not.

TRAUMATIC MEMORIES, LOST AND FOUND: THE
ROLE OF DISSOCIATIVE AMNESIA IN STRESS-
INDUCED PSYCHIATRIC DISORDERS

There is evidence that patients with stress-related
psychiatric disorders, such as PTSD, manifest differ-
ences in memory function relative to normal persons.
For instance, immediately after a major campaign in
north Africa during World War II, about 5% of the
soldiers who had been combatants had no memory of
the events that had just occurred (48). Follow-up stud-
ies of World War Il combat veterans have shown that
many veterans continue to suffer from “blackouts,” or
loss of memory, many years after their periods of serv-
ice. This phenomenon would be described today as the
dissociative symptom of amnesia. Dissociative amne-
sia is not typically a normal phenomenon of memorv,
and Vietnam combat veterans with PTSD have higher
levels than do Vietnam combat veterans without PTSD
(13). Amnestic symptoms in these patients include
gaps of memory that last from minutes to days. Some
patients have reported driving down the highway from
Boston to New Haven, Conn., and suddenly realizing
that they had covered 2 hours of the trip and had no
recall of what had happened during that time. One pa-
tient 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 some-
where in Illinois, in the middle of the night, wearing
combat fatigues. A patient with a history of childhood
sexual abuse reported to one of us that she had been
talking on the telephone at her day hospital program
and the next thing she knew she was at home in bed.
These clinical case examples provide a feeling for the
wide range of phenomena that characterize dissocia-
tive amnesia in patients with a history of exposure to
extreme psvchological trauma. A number of other
studies have documented the existence of dissociative
amnesia in patients with PTSD (49-55).
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OTHER ALTERATIONS IN MEMORY FUNCTION
IN PSYCHIATRIC DISORDERS RELATED TO
TRAUMATIC STRESS

There are other types of alterations in memory, besides
dissociative amnesia, that are associated with stress-re-
lated psychiatric disorders. A variety of studies have
shown a relationship between exposure to traumatic
stress and deficits in explicit memory function (free recall
of facts or lists). Concentration camp survivors from
World War Il were found to have high rates of impairment
in explicit memory function (56, 57). Veterans who were
prisoners of war during the Korean conflict have worse
performance on explicit memory tasks of free verbal re-
call, measured with the logical memory component of the
Wechsler Memory Scale, than Korean conflict veterans
without a history of containment (58, 59). Using the
Wechsler Memory Scale logical (verbal memory) and fig-
ural (visual memory) components, we measured explicit
memory function in Vietnam combat veterans with PTSD
(N=26) and comparison subjects matched for factors that
could affect memory function (N=15) (60). The PTSD
patients had significantly poorer free verbal recall (explicit
memory), without deficits in IQ as measured by the WAIS-
R. We subsequently found deficits in explicit memory
tasks of free verbal recall, measured by the Wechsler
Memory Scale logical component, in adult survivors of
childhood abuse seeking treatment for psychiatric disor-
ders (our unpublished data). Deficits in explicicshort-term
memoryv among Vietnam combat veterans with PTSD
have been shown by comparing those veterans with Na-
tional Guard veterans without PTSD (on the Auditory
Verbal Learning Test) (61) and with normal comparison
subjects (on the California Verbal New Learning Test)
(62). Lower IQ in combat veterans with PTSD than in
comparison subjects may be due to a greater risk for the
development of PTSD with lower IQ or a secondary etfect
of exposure to trauma (63). Studies of female Vietnam
combat nurses with PTSD are currently in progress (J.
Wolfe, personal communication, October 1994). Beirut
adolescents with PTSD have also been shown to have
worse academic performance than Beirut adolescents
without PTSD (P. Saigh, personal communication, Au-
gust 1994). These studies suggest deficits in explicit mem-
ory. Other studies of patients with PTSD involving explicit
memory tasks have shown that these patients have greater
enhancement of recall of trauma-related words, relative
to recall of neutral words, than do comparison subjects
(64). In summary, the findings are consistent with deficits
in encoding on explicit memory tasks, deficits in retrieval,
and enhanced encoding or retrieval of specific trauma-re-
lated material.

EFFECTS OF STRESS ON BRAIN REGIONS
INVOLVED IN MEMORY FUNCTION

Different brain regions are involved in the mediation
of individual aspects of memory function. The hippo-
campus and adjacent cortex, as well as dorsal medial
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nucleus of the thalamus, play important roles in explicir
recall (65-67). The dorsolateral prefrontal cortex (also
known as principal sulcus or middle frontal gyrus) is
involved in explicit recall, as shown by working mem-
ory tasks (68). Parietal cortex has been demonstrated to
be important in spatial memory and attention (69, 70).
after several weeks are reorganized and stored in other
brain areas, such as the neocortex (71). Visual informa-
tion is stored in the occipital cortex, tactile information
in the sensory cortex, auditory information in the mid-
dle temporal gyrus, and olfactory information in the
orbitofrontal cortex. Zola-Morgan and Squire (71) hy-
pothesized that the role of the hippocampus is to bring
together memory elements from diverse neocortical ar-
eas at the time of retrieval of explicit memory.

The amygdala is an important mediator of emotional
memory (72). Conditioned fear is measured with the
acoustic startle response, a primitive reflex that is part
of the animal’s response to threat. Lesions of the central
nucleus of the amygdala have been shown to completely
block fear-potentiated startle (73, 74), while electrical
stimulation of the central nucleus increases acoustic
startle (75). The amygdala integrates information that
is necessary for the proper execution of the stress re-
sponse, including (internal) emotion and information
from the external environment (76).

Traumatic stress can result in long-term changes in
brain regions involved in memory (7). Monkeys and other
animal species exposed to extreme stress have been found
to have damage to the CA2 and CA3 subfields of the
hippocampus (77). Ithas been suggested that such damage
is due to a relationship between high levels of glucocorti-
coids and stress (77-82). These structural changes are as-
sociated with deficits in memory (83).

The hippocampus also plays an important role in
emotional memory for the context of a fear-inducing
situation. In experiments involving conditioned fear re-
sponses, when a tone (conditioned stimulus) is paired
with electric foot shock (unconditioned stimulus), reex-
posure of the animal to the tone results in conditioned
fear responses (an increase in “freezing” responses,
which are characteristic of fear), even in the absence of
the shock. In addition, reintroduction to the context of
the shock or to the environment where the shock took
place (i.e., the testing box), even in the absence of the
shock or the tone, results in conditioned fear responses.
Lesions of the amygdala before fear conditioning block
fear responses to both the simple stimulus (tone) and to
the context of the foot shock. Lesions of the hippocam-
pus, on the other hand, do not interfere with acquisition
of conditioned emotional responses to the tone in the
absence of the shock, although they do interfere with
acquisition of conditioned emotional responses to the
context (84). Lesions of the hippocampus 1 day after
fear conditioning (but not as much as 28 days after-
ward) also abolish context-related fear responses, but
not fear related to the cue (tone), while lesions of the
amvgdala block fear responses to both the cue and the
context (351, These studies suggest that the hippocam-
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pus has a time-limited role in fear responses to complex
phenomena with stimuli from multiple senses, but not
to stimuli from simple sensory stimuli.

It is unclear how information from the hippocampus
reaches hypothalamlc and brainstem targets that are in-
volved in the expression of conditioned fear responses.
The hippocampus may project to the bed nucleus of the
stria terminalis, which has hypothalamic and brainstem
projections similar to the projections of the central nu-
cleus of the amygdala (86). The bed nucleus of the stria
terminalis has been shown to be important in condi-
tioned fear responses to contextual stimuli (87).

We compared hippocampal volume measured with
magnetic resonance imaging in Vietnam combat veter-
ans with PTSD (N=26) and healthy subjects (N=22)
matched for factors that could affect hippocampal vol-
ume, including age, sex, race, years of education, height,
weight, handedness, and years of alcohol abuse (88).
The right hippocampal volume of the patients with
combat-related PTSD was 8% smaller than that of the
comparison subjects (p<0.05), but there was no signifi-
cant difference in the volumes of comparison struc-
tures, including temporal lobe and caudate. Deficits in
free verbal recall (explicit memory), as measured by
percent retention on the Wechsler Memory Scale logical
component, were associated with smaller right hippo-
campal volume in the PTSD patients (r=0.64, p<0.05)
but not in the comparison subjects. Pitman et al. re-
cently found lower left and right hippocampal volumes
in patients with PTSD than in comparison subjects
(R.K. Pitman, personal communication, May 19,
19935), while Stein et al. found smaller left hippocampal
volumes in survivors of childhood abuse than in com-
parison subjects (M. Stein, personal communication,
May 19, 1995). We also found a statistically significant
12% lower left hippocampal volume in 17 adult survi-
vors of childhood physical and sexual abuse than in 17
comparison subjects who were matched on a case-by-
case basis for age, sex, race, handedness, years of edu-
cation, and years of alcohol abuse (our unpublished
findings). We have also used positron emission tomog-
raphy (PET) and [!8F]fluorodeoxyglucose to measure
cerebral glucose metabolism following administration
of yohimbine, which stimulates brain norepinephrine
release and increases PTSD symptoms in patients with
PTSD (89), and placebo to Vietnam combat veterans
with PTSD (N=10) and healthy comparison subjects
(N=10) (90). Animal studies have shown a decrease in
metabolism in several neocortical brain regions with
electrical stimulation or yohimbine-induced release of
norepinephrine in the brain. In our PET study, the
PTSD patients and comparison subjects differed in the
effects of yohimbine administration on brain metabo-
lism in orbitofrontal, temporal, parietal, and prefrontal
cortex; the PTSD patients showed a tendency toward
slower brain metabolism and the comparison subjects
showed a tendency toward greater brain metabolism
with yohimbine than with placebo. These findings are
consistent with an increased release of norepinephrine
in the brain following yohimbine administration to pa-
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tients with PTSD. Since in the hippocampus norepi-
nephrine acts as a neuromodulator that has effects on
memory encoding and retrieval, this suggests that en-
hanced norepinephrine release in the hippocampus with
stressors may be associated with the pathologlca re-
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with PTSD.

STRESS-INDUCED NEUROMODULATION
OF MEMORY TRACES

Neuropeptides and neurotransmitters released dur-
ing stress can modulate memory function. Neurotrans-
mitters and neuropeptides released during stress that af-
fect learning and memory include norepinephrine,
epinephrine, ACTH, glucocorticoids, corticotropin-re-
leasing factor (CRF), opioid peptides, endogenous ben-
zodiazepines, dopamine, vasopressin, and oxytocin
(91). Brain regions involved in memory, including the
hippocampus and adjacent cortex, amygdala, and pre-
frontal cortex, are richly innervated by these neuro-
transmitters and neuropeptides.

Epinephrine has a modulatory effect on memory
function. Studies of the effects of epinephrine (and
other neuromodulators) have used the one-trial passive
(inhibitory) avoidance test of memory. In this para-
digm, the animal is placed in the starting chamber of an
alley with two compartments and punished with foot
shock as it enters the second compartment. The amount
of time that passes (or the latency) before the animal
enters the second chamber when it is placed there on the
second day is used as an index of retention of the train-
ing experience. Removal of the adrenal medulla, site of
most of the body’s epinephrine, results in a blockmg of
passive avoidance behavior, which is restored by ad-
ministration of adequate amounts of epinephrine (92).
Administration of epinephrine after a learning task in-
fluences retention with an inverted U-shaped curve: re-
tention is enhanced at moderate doses and impaired at
high doses (93, 94). Low-dose injections (0.2 ug) of
norepinephrine into the amygdala facilitate memory
function in an inhibitory avoidance task, while higher
doses (0.5 ug) impair memory function (95). In sum-
mary, epinephrine and norepinephrine released during
stress enhance the formation of memory traces.

ACTH and glucocorticoids also affect learning and
memory. Low doses of ACTH given immediately after
a new learning task enhance retention, while a 10-fold
higher dose has the opposite effect (96, 97). ACTH also
delays extinction of the avoidance response (97). The
effects of ACTH on learning and memory are mediated
through the hlppocampus (98) and amygdala (99). Glu-
cocorticoids, in contrast, enhance extinction in the con-
ditioned fear paradigm (97). The neuropeptide CRF,
which stimulates release of ACTH from the pituitary
and hence glucocorticoids from the adrenal gland, has
anxiogenic effects when administered into the cerebral
ventricles. In low doses by this route of administration
CREF also facilitates passive avoidance behavior (100).
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Other neurotransmitters and neuropeptides released
during stress have effects on learning and memory.
Both the dopamine and acetylcholine brain systems
play roles in enhancing memory formation (101). Opi-
ate receptor agonists, when administered after training
in a learning task, impair retention, while opiate recep-
tor antagonists, such as naloxone, enhance retention
(102). Opiate antagonists (naloxone) enhance retention
of recently acquired information when injected into the
amygdala (103). Vasopressin injected 3 hours before or
after a task involving new learning increases resistance
to extinction. The time course of vasopressin’s effects
suggests that it affects the consolidation phase of new
learning. Vasopressin also facilitates passive avoidance
behavior (104), while oxytocin has the opposite effect
(91). y-Aminobutyric acid (GABA) is the main inhibi-
tory neurotransmitter in the brain and has receptor sites
for benzodiazepines, which play a role in the stress re-
sponse. GABA antagonists, such as bicuculline, which
block the action of GABA, impair memory retention
following administration into the amygdala, as meas-
ured by the inhibitory avoidance task, while GABA
agonists have the opposite effect (105). The GABA an-
tagonist picrotoxicin enhances the extinction of condi-
tioned fear (97).

Recent studies have begun to address the question of
neuromodulation of memory function with stress in hu-
man subjects. In one study (106), the B-adrenergic an-
tagonist propranolol or placebo was administered to
healthy human subjects 1 hour before a neutral or an
emotionally arousing {stress-related) story. Proprano-
lol, but not placebo, interfered with recall of the emo-
tionally arousing story but not the neutral story. One
interpretation of this study is that activation of B-ad-
renergic receptors in the brain enhances the encoding of
emotionally arousing memories.

Findings related to neuromodulation of memory func-
tion are of importance for understanding delayed recall
of childhood abuse. Increased release of neurotransmit-
ters and neuropeptides during episodes of childhood
abuse, with modulatory actions on memory function, may
result in alterations in the laying down of memory traces
for incidents of childhood abuse. These neurotransmitters
and neuropeptides may also result in the enhancement of
specific abuse-related traumatic memories (6). Long-term
alterations in stress-related peptides and neurotransmit-
ters in abused patients may affect recall of traumaric
memories. For instance, Pitman et al. (107) showed that
vasopressin enhances recall of trauma-related memories,
while oxytocin diminishes recall, in patients with PTSD.
These differences may be con51dered as due to the fact
that abuse-related memories are of the implicit type while
normal memories are of the explicit type. These classifi-
cations, however, may be an oversimplification of the va-
riety of ways in which traumatic stress can result in a
modulation of memory function. There are other mecha-
nisms of memory function, which may represent subtypes
of implicit memory, that can be modeled in the laboratory
and are related to the pathophysiology of traumatic stress;
these include stress sensitization, failure of extinction, and
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conditioned fear. These mechanisms, which are of rele-
vance to understanding delayed recall of childhood abuse,
are reviewed in the following section.

NEURAL MECHANISMS MEDIATING EFFECTS
OF STRESS ON MEMORY

Stress Sensitization

Stress sensitization refers to the phenomenon by
which repeated exposure to a stressor results in an am-
plification of responsiveness to subsequent stressors.
For example, acute stress results in an increased release
of norepinephrine in the hippocampus and 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 norepi-
nephrine release in the hippocampus with subsequent
stressors (108). The clinical correlate of stress sensitiza-
tion is the greater likelihood of PTSD in individuals
who are repeatedly abused over a period of time than
in individuals exposed to a single episode of abuse.
Norepinephrine (in addition to other neurotransmitters
and neuropeptides) modulates memory formation and
retrieval. This raises the possibility that stress sensitiza-
tion, acting through neuromodulators such as norepi-
nephrme is associated with alterations in memory en-
coding and retrieval, which may have implications for
understanding the mechanisms of delayed recall of
childhood abuse.

Adult survivors of childhood abuse have a very diffi-
cult time with ordinary stressful events that normal per-
sons can tolerate without much trouble. For instance,
the stress of experiencing a minor automobile accident
or having an argument with one’s spouse can lead to a
total decompensation in these patients. We found that
a history of childhood physical abuse increases the risk
for the development of combat-related PTSD (109).
That study suggested that sensitization resulting from
early childhood stress may increase the vulnerability for
the development of psychopathology in response to a
subsequent stressor (combat stress in Vietnam). Israeli
veterans with previous combat-related acute stress re-
actions have been found to be at greater risk for com-
bat-related stress reactions than are combat veterans
without a history of stress reaction in response to com-
bat (110). There are other examples of how a history of
exposure to prior stress increases the risk for stress-re-
lated symptoms upon reexposure to stressors (111).

Fear Conditioning

Fear conditioning is another neural mechanism that
can be modeled in the laboratory and is highly relevant
to victims of childhood abuse. In fear conditioning, a
normally neutral stimulus (something that 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, learning

77




DISSOCIATIVE AMNESIA FOR CHILDHOOD ABUSE

(conditioning) occurs so that the light alone eventually
causes a fear response (72). Cues related to the original
abuse can be very upsetting to victims of childhood
abuse. For instance, being around a very dominating
man can be very upsetting to a woman who was sexu-
ally abused by a dominating older male figure. There is
evidence, as manifested by conditioned responses and
other phenomena, that the amygdala mediates altera-
tions in emotional memory in humans (in addition to
animals). For example, electrical stimulation of the
amygdala in healthy human subjects has been shown to
elicir feelings of anxiety (112) and activation of the
stress response system, as manifested by increases in
levels of peripheral catecholamines (113). Exaggerated
startle response (which is mediated by the amvgdala in
animals) has been associated with PTSD (114, 115).

Failure of Extinction

A failure of extinction of responses to fear-inducing
sumuli is characteristic of individuals exposed to ex-
treme stressors. Extinction refers to an inhibition of
conditioned responding to cues associated with a fear-
inducing stimulus that takes place gradually over time
following the removal of the original fear-inducing
stimulus. For instance, a survivor of childhood abuse
who was locked in a dark closet during childhood may
continue to have anxiety responses every time he or she
15 in a dark and enclosed place, even though such a cue
no longer represents a real threat. On a neuroanatomi-
cal level, extinction involves neocortical (116, 117) and
orbitotrontal (118) inhibition of amygdala function.
Using PET, we found lower glucose merabolism at
baseline in the temporal cortex of patients with PTSD
than in comparison subjects (90). 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.

WORKING MODEL FOR NEUROBIOLOGY
OF MEMORY ALTERATIONS IN SURVIVORS
OF CHILDHOOD ABUSE

From what is known about the effects of stress on
brain systems involved in memory, there is evidence
that mechanisms other than “normal forgerting” are
probably operative in the delayed recall of childhood
abuse. As noted earlier, the hippocampus and adjacent
cortices have been hypothesized to bind rogether infor-
mation from multiple sensory cortices into a single
memory at the time of retrieval. For instance, during an
episode of sexual abuse there is the smell of the perpe-
trator, the sounds involved in the abuse, the visual ap-
pearance of the perpetrator, the scene where the abuse
rakes place, and the tactile sensations. All of chese indi-
vidual elements are stored in the primary sensory corti-
cal areas to which they correspond. For instance, smell
is stored in the olfactory cortex, vision in visual cortex.
and sound in auditory cortex. When a similar situation
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recurs, the hippocampus and adjacent cortex activates
cortical areas and brings together the diverse sensory
elements in the recreation of the memory. Abnormali-
ties of hippocampal function in PTSD may aftfect this
normal function of the hippocampus in bringing to-
gether memory elements from diverse neocortical sen-
sory areas. This may account for the fragmentation of
traumatic memories that is often seen in these patients
and the clinical phenomenon of dissociative amnesia.

The amygdala is involved in several types of emo-
tional memory (implicit memory), including condi-
tioned fear and failure of extinction. The symproms of
patients with a history of childhood abuse are similar
to the conditioned fear responses and failure of extinc-
tion thar can be modeled in the laboratory. This simi-
larity and the fact that alterations in amygdala function
are seen with extreme stress in the laboratory suggest
that altered amygdala function plays a prominent role
in the symptoms of patients with a history of childhood
abuse. The orbitofrontal cortex is also involved in ex-
tinction, so it is reasonable to assume that altered orbi-
tofrontal cortical function plays a role in the failure of
extinction seen clinically in victims of childhood abuse.
Brain regions besides the amygdala and orbitofrontal
cortex are involved in implicit memory function, which
we have postulated is an important component in de-
layed recall of childhood abuse.

Neural mechanisms associated with traumatic stress
may play a role in altered recall of childhood abuse.
Fear conditioning manifests itself in abuse survivors bv
an increase in physiological responding with exposure
to environmental cues that are reminiscent of the origi-
nal trauma. For example. many sexual abuse survivors
are sexually dysfunctional, because sexual activity re-
minds them of the original trauma and leads to an in-
crease in physiological responding. In stress sensitiza-
tion, ordinary stressors may lead to disproportionate
responses by persons with prior histories of extreme
stress. Failure of extinction results in repeated adverse
emotional responses to reminders of the abuse for many
vears after it has occurred; the responses do not fade
over time as they normally should. Neuropeprides and
neurotransmitters released during stress can modulate
memory function, acting at the level of the hippocam-
pus, amvgdala, and other brain regions involved in
memory. Childhood abuse may result in long-term al-
terations in the function of these neuromodulators,
which could lead to an overenhancement of memory
traces related to abuse. Exposure to subsequent stress-
ors could also be associated with altered release of
neuromodularors, resulting in altered memory recall in
PTSD patients. It may be that amnesia represents a self-
protective mechanism by which abuse survivors avoid
the conscious recall of traumatic memories or suppress
responsiveness to environmental cues that could trigger
responsiveness. This process could be a compensatory
response to other neural mechanisms associated with
traumatic stress, including fear conditioning, stress sen-
sinzation. and failure of extinction, which are associ-
ared with an increase in responsiveness to ordinary cues
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that trigger recall of abuse-related memories. Consis-
tent with this hypothesis, emerging findings suggest
that a worsening of stress-related symptoms occurs
upon recall of memories of abuse that had not been
available to consciousness for many years because of
dissociative amnesia.

Mechanisms involving state-dependent recall may
also be applicable to amnesia for abuse (119). State-de-
pendent recall refers to facilitation of memory retrieval
bv an affective state that is similar to the state at the
time of encoding. For instance, memories that were en-
coded during a state of sadness will have a facilirated
retrieval during similar states of sadness. Similar situ-
ations can occur for other emotional states. For victims
of childhood abuse, emotions such as extreme fear or
sadness mayv have predominated at the time of the origi-
nal abuse. In a life free of major stressors, extreme fear
or sadness rarely occurs and thus would not typically
represent a state-dependent cue for recall. However, if
these strong emotions were to recur, they could facili-
tate recall of apparently forgotten childhood abuse. For
instance, a woman victimized by rape as an adult expe-
riences extreme fear, which triggers the state-dependent
recall of an event of childhood sexual abuse, during
which she had experienced similar feelings.

Psvchotherapy may be associated with recall of these
tvpes of events. Psychotherapy naturally involves the
facilitation of recall through encouraging the investiga-
tion of feelings related to traumatic events. The psycho-
therapist may provide a supportive environment that
allows the patient to experience strong emotions he or
she may be afraid to experience outside of the therapeu-
tic serting. It is therefore not surprising that traumatic
events are often fully recalled for the first time during
psvchotherapy. This has led to a controversy about
whether these recalled events are true or false. The fact
that traumatic events are recalled during therapy does
not necessarily imply, however, that they represent false
memories.

IMPLICATIONS FOR TREATMENT

Many therapists are currently concerned about how
to proceed with psychotherapy in light of the recent
controversy concerning the engendering of false memo-
ries of abuse. They feel that if they ask directly about
abuse they may be accused of suggesting to their pa-
tients abuse events that did not in fact take place. Pa-
tients should be allowed to tell their own stories, not the
stories of their therapists (120-123). Because of the on-
going questions regarding the effects of suggestibility
on recall of abuse, it is important for the therapist to
avoid imposing on the patient the therapist’s own ideas
regarding a past history of abuse. Patients with PTSD
and dissociative disorders may be even more susceprible
to suggestion than normal persons. However, it can be
seen from studies such as those cited earlier that many
patients, because of issues of shame and other reasons,
will not report abuse unless asked directly. For in-
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stance, a patient treated by one ot us reported that he
had been in psychotherapy for 20 vears without report-
ing his abuse, which was subsequently revealed through
a direct question in an initial evaluation.

CONCLUSIONS

We have examined the question of the validity of
memories of childhood abuse as it relates to the current
controversy surrounding the so-called “false memory
syndrome” from both theoretical and biological per-
spectives. Studies in cognitive psychology have pro-
vided evidence for an enhancement of memory of cen-
tral details related to stressful events, to the exclusion
of peripheral details, in normal human subjects. Much
has been made in the popular press about the potential
effects of suggestion on memory. A review of this litera-
ture raises as many questions as it answers.

Patients with PTSD have been shown to have greater
than normal self-reported dissociative amnesia, which
is defined as gaps in memory not due to normal forget-
ting. Other aspects of memory function, including ver-
bal recall, are deficient in patients with chronic PTSD.
Both preclinical and clinical studies support the idea
that traumatic stress is associated with alterations in
brain regions involved in memory, with associated
functional memory deficits. Other concepts, such as
state-dependent memorv, stress sensitization, fear con-
ditioning, failure of extinction, and modulation of
memory traces during and after encoding by neuro-
transmitters and neuropeptides that are released in high
levels during stress, provide potential explanations for
delayed recall of memories of childhood abuse. These
mechanisms are probably applicable only to parients
with disorders such as PTSD secondary to abuse, and
not to the entire range of individuals who are exposed
to childhood abuse, including those who do not develop
abuse-related psychiatric disorders.

Studies to date have provided only an incomplete pic-
ture of how biological mechanisms may explain phe-
nomena such as delaved recall of childhood abuse and
dissociative amnesia (124). We do not mean to imply
that definitive biological mechanisms have been eluci-
dated that could explain these phenomena. Rather, this
paper was intended as a critical review of the current
status of the topic and as a reminder that dissociative
amnesia is an important part of the constellation of
symptoms related to traumaric stress, as John Nemiah
and others reminded us in 1989.
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