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Transient amnesic syndromes

Thorsten Bartsch and Christopher Butler

Abstract | Transient amnesic syndromes are striking clinical phenomena that are commonly encountered by
physicians in acute medical settings. Diagnosis of such syndromes can be challenging, and their causes have
been debated for over 50 years. Critical clinical distinctions, such as between transient global amnesia (TGA)
and transient epileptic amnesia (TEA), as well as important clues to the underlying pathophysiology, have
recently been revealed. TGA is characterized by the sudden onset of a profound anterograde and retrograde
amnesia that lasts for up to 24 h, with neuroimaging after an acute TGA event showing transient perturbation
of specific hippocampal circuits that are involved in memory processing. Some cases of transient amnesia
are attributable to focal seizure activity and are termed TEA, which has a clinical presentation similar to that
of TGA, but can be distinguished from the latter by the brevity and frequency of amnesic attacks. Moreover,
TEA carries a risk of persistent memory impairment that can be mistaken for dementia. Here, we summarize
clinically relevant aspects of transient amnesic syndromes, giving practical recommendations for diagnosis
and patient management. We describe results from imaging and epidemiological studies that have shed light

on the functional anatomy and pathophysiological mechanisms underlying these conditions.
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Introduction

Memory can be thought of as the ability to encode, store
and retrieve information. Pathological impairment of
memory is termed amnesia, and occurs in association
with a variety of neurological conditions that disrupt the
brain networks that underpin normal memory function
—in particular, the hippocampus, the medial tempo-
ral lobe (MTL), the diencephalon, and the pathways
that connect these structures. Syndromes of transient
amnesia, in which the patient presents with acute onset
of dense memory loss, are striking clinical phenomena
that present a diagnostic challenge to the physician. The
underlying mechanisms of these syndromes have long
been a mystery. Recent research, however, has revealed
important clinical distinctions as well as new insights
into the pathophysiology of transient amnesia.

Human memory can be subdivided behaviourally
and anatomically into a number of partially distinct
memory systems that rely on local and large-scale brain
networks. These networks can be differentially disrupted
by a variety of neurological conditions (Figures 1 and 2).
Lesions to the networks typically cause an anterograde
amnesia, characterized by an inability to learn new
consciously accessible—or explicit—information. This
deficit is accompanied by retrograde amnesia; that
is, difficulty in recalling events that occurred prior to
the damage."? Retrograde amnesia is often temporally
graded, in that remote memories acquired well before the
lesion seem to be better preserved than recent memories.

Competing interests

T. Bartsch declares associations with the following companies:
GlaxoSmithKline, Thieme. See the article online for full details

of the relationships. C. Butler declares no competing interests.

Implicit memory and short-term memory (or working
memory) remain seemingly intact,’ as do non-memory
cognitive domains such as perception, cognition, general
intelligence and praxis.

In this Review, we highlight recent developments in
the understanding of transient amnesic syndromes.
Through the use of case examples, we emphasize
clinical aspects, neuroimaging data and putative
underlying mechanisms of these syndromes within a
pathophysiological framework.

Neuroanatomy of human memory systems

The encoding, consolidation and retrieval of infor-
mation in memory is crucially dependent on a large
bidirectional network of brain areas that includes neo-
cortical association regions, subcortical nuclei and the
MTL, including the hippocampus and parahippocampal
cortex (Figure 2).

The hippocampus

The hippocampus is a central node in the memory net-
work, and is the site of pathology in many amnesic syn-
dromes. It receives input from almost all neocortical
association regions via the perirhinal and parahippo-
campal cortices, through the entorhinal cortex.* The
anatomy of the hippocampus is of particular importance
in the mediation of episodic memory:.!

The hippocampal trisynaptic pathway is the princi-
ple feedforward sequential neural circuit involved in the
processing of information through the hippocampus
(Figure 2a). On a cellular network level, the dentate
gyrus receives inputs from the entorhinal cortex via
the perforant path. Mossy fibres from the dentate gyrus
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Key points

= [n patients with transient amnesia, careful assessment of the amnesic deficit

is mandatory to identify treatable conditions

After an acute attack of transient global amnesia (TGA), hippocampal lesions
can be detected on MRI, suggesting transient dysfunction of hippocampus-
dependent memory circuits

Transient epileptic amnesia (TEA) can often be distinguished from TGA by the
brevity and frequency of the amnesic attacks

In contrast to TGA, TEA carries a risk of developing persistent memory
impairment, which can be mistaken for dementia

Imaging and neuropsychological data indicate that focal hippocampal pathology
occurs in both TGA and TEA

Psychogenic amnesia typically involves profound retrograde amnesia, often with
loss of personal identity, in the context of preserved new learning

project to pyramidal cells in the CA region 3 (CA3),
which send Schaffer collaterals to CA1 pyramidal cells.
Neurons in the CA1 and CA3 regions also receive direct
entorhinal inputs from layers III and II, respectively.
Recurrent collaterals in the dentate gyrus and CA3 form
reciprocally connected networks. Postsynaptic outputs
from the CA1 region project via the subiculum to deep
layers of the entorhinal cortex and to various subcortical
and cortical areas. Such outputs include monosynaptic
projections to prefrontal areas.

Through the use of experimental animal models and,
more recently, functional imaging in patients, researchers
have sought to correlate components of the hippocampal
circuit with distinct cognitive or mnemonic operations.?
For example, it has been shown that the dentate gyrus and
the CA3 networks are involved in pattern separation—a
function that is impaired in ageing and mild cognitive
impairment—whereas the CA1 network is engaged in

input integration, novelty and mismatch detection.®’ In
accordance with cognitive-map theory, which suggests
that allocentric (world-centred) spatial representations
of locations are processed in the hippocampus, the CA1
subregion was shown to be involved in our ability to learn
a map-like representation of an environment.*’

The CA1 region has attracted interest in the study of
amnesic disorders as it shows a particular vulnerability
to a variety of metabolic and excitotoxic insults (such as
glutamate overload and calcium influx) caused by hypo-
xemia, amyloid-f-induced neurotoxicity and ischaemia,
which are prominent in acute neurological conditions
such as hypoxia—ischaemia, hypoglycaemia, encephalitis
and epilepsy.!® Such vulnerability of the hippocampus
explains why transient amnesic episodes often mirror
the symptoms of a perturbed hippocampal-neocortical
memory system. The basis of such regional suscepti-
bility to insults is poorly understood, but could include
genomically determined differences in tolerability to
glutamate and distribution of glutamate receptors, as
well as in excitatory synaptic transmission.

The clinical correlates of hippocampal dysfunction,
and their temporal course and sequelae in humans,
have only recently been studied in vivo with the use of
MRI.!! A recently proposed hypothesis is that distinct
clinical disorders differentially affect hippocampal sub-
regions, which could account for the variety of cognitive
deficits observed in amnesic disorders.'? Experimental
models of cellular pathophysiology suggest a descending
grade of vulnerability from CA1 to CA3 to dentate gyrus
cells.' Processes of compensation and neuroplasticity
might also determine region-specific susceptibility to
metabolic and excitotoxic insults.
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Figure 1 | Classification of memory systems in the human brain. The classic view of memory systems separates memory
on a temporal scale (long-term versus working memory). The declarative theory further separates into conscious (explicit)
and nonconscious (implicit) memory. Episodic memory represents memory of personal experiences and specific events in
time and space that can be explicitly stated and, on a phenomenological basis, can be re-lived. Episodic autobiographical
memory is usually regarded as part of episodic memory although it also comprises semantic memory, which includes facts,
meanings, concepts and knowledge about the external world and refers to general factual knowledge. The different
memory systems, however, are not isolated: they can interact and overlap with each other on a temporal scale (for
example, episodic memory transfers into semantic memory over time) and content-wise (procedural learning can be
modulated by declarative memory). Notably, alternative concepts of memory have been proposed, such as dual process
theory (recollections versus familiarity), multiple trace theory, cognitive map theory and relational theory.
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Figure 2 | Memory connectivity. a | Schematic drawing of
the principal connections between brain regions that
support episodic memory, highlighting the connections
between the hippocampal system, diencephalic structures
and neocortical regions. b | Diagrammatic representation
of the unidirectional and bidirectional network connectivity
of critical structures of the temporal lobe system,
diencephalic nuclei and neocortical association areas
involved in memory processing. Lesions to this network
may differentially affect the functional connectivity and
result in memory impairment. ¢ | Inset shows the anatomy
of the CA, depicting the trisynaptic pathway as the
principal feedforward neural circuit involved in the
processing of information through the hippocampus.
Abbreviations: Ant, anterior thalamic nuclei; CA, cornu
ammonis; DG, dentate gyrus; EC, entorhinal cortex; MB,
mamillary bodies; Med, medial thalamic nuclei; MTT,
mamillothalamic tract (bundle of Vicq d’Azyr); SN, septal
nuclei. Parts a and b modified with permission from
Macmillan Publishers Ltd © Bird, C.M. & Burgess, N.

Nat. Rev. Neurosci. 9, 182-194 (2008) and Moser, E.

Nat. Neurosci. 14, 407-408 (2011).

Subcortical circuits

Besides hippocampal-neocortical interactions, sub-
cortical ‘limbic’ circuits are also considered critical for
episodic memory and for interactions between different
memory systems. Direct parallel projections connect the
hippocampus to anterior thalamic nuclei via the mam-
millary bodies and the mamillothalamic tract and cingu-
late cortex.? Another pathway—the ventroamygdalofugal
pathway—connects the perirhinal cortex, including
the amygdala, to the mediodorsal nucleus of the thala-
mus. Lesions to these projections and this network
can produce amnesic states that are similar to MTL
amnesia.”*™'® In particular, damage to the mammillo-
thalamic tract predicts the presence of an amnesic
syndrome.’>!*1¢ The exact role of thalamic nuclei in
recognition processes in memory and amnesia remains
unclear. It has been proposed that damage to the anterior
nuclei of the mamillothalamic tract mainly affects recol-
lection, whereas damage to the ventroamygdalofugal
pathway and the mediodorsal nucleus particularly
affects familiarity, but this distinction remains a matter
of debate.

Functional alterations

Besides structural disruption of brain circuits in neuro-
logical diseases, functional alteration in the connectiv-
ity dynamics of these interacting network components
may also have a role in amnesia. The hippocampus is
widely regarded as being at the centre of a brain network
that supports communication for encoding, consolida-
tion and retrieval of memory."” Mnemonic information
is believed to be represented by spatiotemporal pat-
terns of firing in groups of neurons—also referred to
as cell assemblies—which involve various fast oscilla-
tory dynamics (such as theta waves, sharp waves, slow
oscillations and y oscillations) that are synchronized
and temporally coordinated within and across cortical
regions.'®!? Breakdown of local and remote network
function and connectivity can be observed in Alzheimer
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disease, in which cellular pathological changes in CA1
neurons occur early in the course of the disease, and is
also seen in global hippocampal damage.?**!

Summary

The results of the studies described above suggest that
the basic principles and peculiarities of the memory
circuitry—namely, its anatomical projections, vulner-
ability and temporal firing properties—have important
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Box 1 | Diagnostic criteria for transient amnesic syndromes

Transient global amnesia

Presence of an anterograde amnesia that is witnessed by an observer

No clouding of consciousness or loss of personal identity

Cognitive impairment limited to amnesia

No focal neurological or epileptic signs

No recent history of head trauma or seizures

Resolution of symptoms within 24 h

Mild vegetative symptoms (headache, nausea, dizziness) might be present
during the acute phase

Although not included in current diagnostic criteria, temporally graded retrograde
amnesia is usually present during an acute attack

Transient epileptic amnesia

A history of recurrent, witnessed episodes of transient amnesia

Cognitive functions other than memory judged, by a reliable witness, to be
intact during typical episodes

Evidence for a diagnosis of epilepsy based on one or more of the following;:
epileptiform abnormalities on EEG, concurrent onset of other clinical features
of epilepsy (such as lip smacking or olfactory hallucinations), clear-cut
response to anticonvulsant therapy

Box 2 | Differential diagnosis of acute amnesic syndromes

Strategic ischaemic insults in the posterior cerebral circulation

Often presents with further cognitive signs or neurological deficits
Somnolence

Intoxication, adverse drug effects

Sleepy patient

History of psychotropic medication (antidepressants, neuroleptics,
anticholinergics, anxiolytics, sedative-hypnotics)

Positive toxicology screening

Complex focal seizures, transient epileptic amnesia, postictal conditions

History of epilepsy, EEG abnormalities

Functional amnesia, psychogenic fugue, dissociative conditions

Frequently in young patients (<40 years of age) after a traumatic or stressful
event
Selective retrograde amnesia

Exacerbated episode of major depression

History of depression or signs of depression

Posttraumatic amnesia, head injury

Signs of head injury

Hypoglycaemia

Often young patients with type 1 diabetes

Amnesic spell after cerebral angiography, particular in the vertebral arteries

Peri-interventional evidence

Initial stage of limbic encephalitis

Subacute onset
Neurological, behavioural and cognitive signs
Limbic involvement on MRI

Electroconvulsive therapy

Recent electroconvulsive therapy
History of major depression

roles in amnesic states. Although mechanisms of vulner-
ability have been widely investigated, mechanisms of
compensation and reorganization in response to acute
perturbation have only recently been begun to be studied.

Transient global amnesia
The classic example of an acute-onset transient amnesic
syndrome is transient global amnesia (TGA), which is

characterized by a profound global (both anterograde
and retrograde) amnesic episode lasting 2-24h (Box 1).2
The systematic study of this syndrome was initiated in
the middle of the 20" century by Bender, Guyotat and
Courjon, and Fisher and Adams, who collected case
series to describe the clinical phenotype of TGA, estab-
lish a classification system, and find aetiological factors
involved in its pathophysiology.*-*

Epidemiology

The yearly incidence of TGA is 3-8 cases per 100,000
people.”** TGA typically occurs between the ages of 50
and 70 years, and is rare in patients <40 or >80 years of
age. Recurrence is unusual, but 6-10% of patients with
TGA will experience a second or third episode.”

Case example

A 65-year-old woman experienced an episode of amnesia
after working hard in the garden for some hours. She
began asking repeatedly “where am I?”, “what time is
it?” and “why are all these branches lying around?” She
appeared helpless, irritated and perplexed but otherwise
normal. On examination in the emergency room she was
found to be profoundly amnesic, with a retention span of
2-3min and retrograde amnesia extending 20-30 years
into the past. Neurological examination, EEG and
cerebrovascular ultrasound were normal. The amnesia
resolved over about 7 h, although the patient continued to
feel irritable and anxious for some days. MRI of the head
3 days later revealed focal diffusion-weighted imaging
(DWTI) changes in the CA1 region of the hippocampus.

Clinical presentation

Diagnosis of TGA is based entirely on patient examina-
tion and clinical history (Boxes 1 and 2).’** The main
cognitive deficits are in the acquisition of new memories
and retrieval of memories for past events. TGA onset is
usually heralded by repetitive questioning, often related
to attempts at self-orientation such as “what day is it?”
or “what am I doing here?” Although some informa-
tion can be retained for a few seconds, it is rapidly lost
when the patient is distracted. The deficit in retrograde
memory is variable in its extent: patients are unable to
report what they had been doing when the attack began,
but may also have lost access to memories of events that
occurred many years ago. In this sense, TGA is a classic
example of hippocampal amnesia.

Besides amnesia, patients may show mild vegetative
symptoms such as headache, nausea and/or dizziness.
Subjective complaints of fatigue, irritability or anxiety
can persist for some days after the episode. Typically,
patients are not aware of the acute amnesia and have no
explicit knowledge of their memory failure; thus, they
exhibit a certain helplessness, perplexity and anxiety
—they ‘feel’ something is wrong but cannot describe
it. Such events may cause distress to the patient, and
should be adequately dealt with by the physician.?>%
Furthermore, a depressed or anxious mood, or altered
emotional state, may aggravate memory impairment.*
After recovery from the acute episode, a dense amnesic
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gap for events that occurred during the attack itself
can persist.

TGA is often preceded by a period of intense emo-
tional or bodily stress. Frequently reported triggers
include sudden immersion in cold or hot water, physi-
cal exertion, the receipt of bad news, a heated argu-
ment, pain, medical procedures, sexual intercourse, and
Valsalva-associated manoeuvres.”?***” These triggers
seem to cluster in different patient groups: in men, the
TGA episode occurs more frequently after physical exer-
tion, whereas in women TGA is more typically preceded
by emotional distress and is more associated with anxiety
traits.?® In patients <56 years of age, TGA is associated
with a past history of migraine.?

Neuropsychology

Formal neuropsychological testing during a TGA attack
confirms the clinical impression.””-* Tests of long-term
anterograde memory, such as delayed recall of a word
list, story or complex figure, reveal dramatically impaired
performance. Outcome on tests of retrograde amnesia
can be variable, but typically shows a Ribot gradient,
with preservation of old memories relative to more-
recent ones. The memory deficit in TGA is particularly
pronounced with regard to autobiographical memory,
and affects the subjective, qualitative experience of
remembering that is known as autonoetic conscious-
ness.** Spatial memory is also severely impaired. In a
recent study, patients with acute TGA who were tested
in a virtual water maze (an established paradigm for
testing hippocampus-dependent spatial and navigational
memory) exhibited marked deficits in learning and
retrieval of places.® Furthermore, TGA impairs prospec-
tive memory; that is, the ability to remember to perform
an intended action in the future.*® Semantic and implicit
memory are usually spared, whereas working memory
can be impaired in a subgroup of patients.**+"*

This neuropsychological profile is typical of patients
with impairment of hippocampal function. Additional
evidence for involvement of the hippocampus in TGA
came from a recent study that found impairment of
hippocampus-mediated recollection in patients with
TGA, whereas familiarity-based recognition memory,
often thought to rely on extrahippocampal structures,
was unaffected.®

Cognitive outcome

Clinical recovery from TGA over the course of a few
hours is generally favourable, but whether an episode
of TGA results in long-lasting but subtle neuropsycho-
logical deficits is debated.?”**** Several early studies
suggested that memory impairment could persist for
several months after an acute episode of TGA.>*-%
However, the spectrum and magnitude of these deficits
varied considerably between studies. A high rate of mood
disorders was reported in patients with TGA who were
examined several months after the episode.*® Such pos-
tictal anxiety or depressive symptoms might correlate
with subjective memory complaints.”® Other studies,
however, found no evidence of persistent cognitive
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Figure 3 | Neuroimaging findings in amnesic syndromes. Abbreviations:

DWI, diffusion-weighted imaging; FDG-PET, ‘8F-fluorodeoxyglucose PET; FLAIR,
fluid-attenuated inversion recovery; HC, hippocampus; T2, T2 weighted MRI;
Thal, thalamus; VBM, voxel based morphometry. Images courtesy of O. Jansen,
Department of Neuroradiology, University Hospital Kiel, Germany.

impairment after TGA.% In a meta-analysis of 25 studies,
no significant long-term performance differences were
found between patients with TGA and healthy con-
trols.** Another study, which compared patients with
and without hippocampal CA1 lesions on MRI in the
acute setting, also found no significant effect of TGA on
long-term cognitive outcome.*!

Neuroimaging

For many years, neuroimaging failed to reveal any
structural abnormality in patients with TGA. Recent
work, however, using high-resolution MRI, has consis-
tently revealed that the acute stage is associated with
highly focal lesions in the CA1 field of the hippocampus
(Figure 3).52°% These lesions, which are evident on
both DWI and T2-weighted MRI sequences, are best
detected 2-3 days after the episode®* and usually
disappear within 14 days. Long-term follow-up MRI
reveals no structural sequelae 4-6 months after the acute
attack.?>%¢77! Combined "*F-fluorodeoxyglucose PET
(FDG-PET) and MRI in one case of acute TGA revealed
left hippocampal hypometabolism in the acute stage,
with a typical focal DWTlesion in CA1 visible 48 h later.”
Functional disruption of hippocampal CA1 neurons was
confirmed by the presence of lactate, a marker of meta-
bolic stress, which was detected in these lesions by means
of magnetic resonance spectroscopy.”
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Hippocampal CA1 neurons are known to have a criti-
cal role in memory formation and consolidation. It has
been proposed, therefore, that the lesions seen in TGA are
directly related to the amnesic deficit and reflect a focal,
transient perturbation of CA1-dependent hippocampal
circuits.®** The highly selective nature of this damage is
probably attributable to the vulnerability of CA1 neurons
to metabolic and oxidative stress (as discussed above).”
One could speculate that mood manifestations of TGA
are a correlate of the various functional roles of the
hippocampus, which go beyond cognitive processes. For
example, a recent suggestion is that the dorsal hippocam-
pus has a role in the cognitive processes of learning and
memory, whereas the ventral hippocampus is involved
in the regulation of emotional and motivational behav-
iour, and an intermediate zone integrates cognitive and
spatial processing into behaviourally relevant actions.””
The precise pathophysiological pathways leading to TGA
remain unknown, but several possibilities—including
migraine-related mechanisms, hypoxic-ischaemic events,
venous flow abnormalities, psychological factors and
epileptic activity—have been suggested.?>3>667778

Transient epileptic amnesia

It has been known for over a century that episodes of
isolated memory impairment may be the sole or main
manifestation of epileptic seizures. In 1888, the British
neurologist John Hughlings Jackson reported the case of
Dr Z, a physician with focal epilepsy who, while at work,
experienced the onset of his typical epileptic aura. The
doctor subsequently examined, diagnosed and treated a
child with pneumonia, yet afterwards had no recollection
of the consultation. Some years later, the physician’s brain
came to autopsy, and a single, circumscribed lesion in the
left uncus was discovered.” Over subsequent decades, a
steady flow of case reports and short series of patients
with epileptic amnesia have appeared in the literature,*-%2
with many of these cases initially classified as TGA.
Hodges and Warlow’s diagnostic criteria for TGA strive to
exclude cases of epilepsy (Box 1) but, nevertheless, even in
these authors’ own, carefully screened series of 114 TGA
cases, a small proportion (7%) went on to develop clear-
cut seizures.’ The term ‘transient epileptic amnesia’ was
introduced in the early 1990s by Kapur, who highlighted
that amnesic attacks caused by epilepsy can be similar to
those occurring in TGA, but are usually distinguished by
features including brevity and recurrence (Box 2).5+%%3 In
1998, Zeman and colleagues proposed diagnostic criteria
for TEA that have become widely used (Box 1).84%

Epidemiology
The prevalence of TEA is unknown. Similar to TGA,
amnesic attacks in TEA typically begin in late middle
age, with a mean age of onset of 57 years. For reasons
that are not clear, two-thirds of reported patients with
TEA are male.”!

Case example
A 55-year-old mathematics teacher vaguely recalled
his six witnessed episodes of amnesia, three of which

occurred on waking and one while he was driving. His
wife confirmed that on each occasion he would repeat-
edly ask “where am I? What day is it? Am I going to work
today?” and try to piece his memory back together over
about 30 min while continuing with other activities. MRI
was normal. EEG revealed epileptiform abnormalities
over the left hemisphere and the attacks ceased on treat-
ment with lamotrigine. He described a dense but patchy
loss of autobiographical memories from the past 25 years,
including his first holiday abroad, his daughter’s wedding,
and his silver wedding anniversary. He had also devel-
oped pronounced difficulties with route-finding, even in
familiar environments.

Clinical presentation

The clinical features of 94 published cases of TEA, includ-
ing a series of 50 patients from the UK, have recently been
reviewed® to assess features of this disorder. Episodes of
amnesia during TEA are generally briefer than those of
TGA, lasting a median of 30-60 min. As with most forms
of epilepsy, the frequency of attacks is highly variable but,
on average, they occur about once per month—a pattern
that is very different from TGA. A third clue to indicate a
diagnosis of TEA is that episodes characteristically occur
on waking, with around 70% of patients experiencing
at least one attack in this context. During the amnesic
episode, patients often have difficulty laying down new
memories (anterograde amnesia) and retrieving memo-
ries for past events (retrograde amnesia). In contrast to
TGA, the anterograde component is often partial: 44%
of patients later say they can “remember not having been
able to remember”®! Patients may repetitively ask ques-
tions during the attack, but this feature is less consistent
in TEA than in TGA. Activities such as conversing, dress-
ing, eating, or even driving, are often carried out without
difficulty, indicating that cognitive domains other than
memory are preserved.

Amnesia is the predominant feature of TEA attacks,
but careful inquiry can, in some instances, reveal other
signs that are suggestive of epilepsy. The most common of
these signs is olfactory or gustatory hallucinosis, experi-
enced by up to 50% of patients with TEA.#! Subtle oral
automatisms (lip smacking or chewing) or brief periods
of unresponsiveness can also accompany some attacks.
A few patients develop clear-cut ‘complex partial sei-
zures, but generalized tonic-clonic convulsions are
rare.®® Routine interictal EEG recording reveals epilepti-
form abnormalities in about one-third of cases of TEA,
although the sensitivity of EEG to detect abnormalities
can be enhanced in patients following sleep deprivation
(Figure 4a). Thus, although an EEG may be helpful in the
evaluation of a patient with transient amnesia (especially
when there have been multiple episodes), a ‘normal’ result
does not rule out TEA.*” When identified, epileptiform
discharges typically localize to the temporal regions.®

Neuropsychology

To date, no systematic study of the neuropsychological
profile during TEA attacks has been performed. In con-
trast to TGA, however, TEA is associated with marked
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Figure 4 | Transient epileptic amnesia—diagnostic criteria and outcomes. a | lllustration of the different diagnostic criteria,
including of the numeric distribution of patients fulfilling the diagnostic criteria for epilepsy, used in a large sample study.

b | ALF in transient global amnesia: ALF+ indicates patients who complain of ALF; ALF- indicates patients who do not
complain of ALF. Abbreviation: ALF, accelerated long-term forgetting. Reprinted with permission from John Wiley & Sons ©

Butler, C. R. et al. Ann. Neurol. 61, 587-598 (2007).

persistent (interictal) cognitive impairment. Despite
effective treatment of amnesic episodes, 81% of patients
with TEA complain of substantial ongoing memory dif-
ficulties.®* The problems described are unusual: 70%
report loss of memories for salient, personally experi-
enced events from the remote past (autobiographical
amnesia); 44% describe the excessively rapid fading of
newly acquired memories over a period of days to weeks
(accelerated long-term forgetting [ALF]); and 36%
report new difficulties with spatial navigation (topo-
graphical amnesia), even around previously familiar
environments (Figure 4b).%

Performance on standard neuropsychological instru-
ments, which typically test retention of newly learned
material after a delay of up to 30 min, is often normal
in TEA. Experimental tests, however, have revealed
that patients with TEA have marked deficits of auto-
biographical memory, particularly affecting the recol-
lection of episodic detail.**® These deficits may affect
memories for events that occurred many decades prior
to the clinical onset of seizures, suggesting that TEA can
disrupt well-established memory traces. Complaints of
ALF have also been corroborated through the use of
objective testing, which demonstrates that, although
patients learn and initially retain information normally,
they forget this information at an abnormally rapid rate
over the following days (Figure 4b).*>** This pattern
suggests a specific and novel impairment of memory
consolidation in TEA.*!

Neither ALF nor autobiographical amnesia is exclusive
to TEA as both have been described in association with
other forms of epilepsy.”>*> Indeed, profound interictal
memory deficits (rather than seizures) may, on occa-
sion, be the principal symptom that leads the patient to
seek medical help. This clinical presentation has been
termed the ‘epileptic amnesic syndrome’*® The causes of
ALF and autobiographical amnesia are unknown, but

possibilities include subtle structural damage to the brain
or physiological disruption of memory circuits owing to
seizure-related activity.

Neuroimaging

MRI of the brain in patients with TEA is usually clinically
unremarkable. Volumetric MRI analysis has revealed
subtle atrophy (8% volume reduction) bilaterally in
the hippocampus of patients with TEA (Figure 3).%
The degree of hippocampal volume atrophy correlates
with performance on standard neuropsychological tests
of memory in TEA patients, but does not explain the
presence of ALF or autobiographical amnesia.”®

Pathophysiology

Several clinical features of TEA—namely, the mixed
anterograde and retrograde amnesia, associated olfac-
tory hallucinations, and the localization of epileptiform
abnormalities on scalp EEG—point to the medial tempo-
ral lobes as the seizure source. In one reported case,
peri-ictal scanning with FDG-PET revealed focal hyper-
metabolism in the left hippocampus, which resolved
after successful treatment of the seizures (Figure 3).%
Furthermore, in a series of 50 patients with TEA, a bilat-
eral, localized, but subtle loss of volume was observed in
the medial temporal lobes.”® 10 published case reports
of TEA have included EEG data gathered during an
amnesic attack;*' six found amnesia to be an ictal pheno-
menon, whereas in four it was found to be postictal. Ictal
epileptiform EEG changes were bilateral in eight of the
10 patients. Interictal epileptiform abnormalities, when
present, tend to be bilateral: 56% are bilateral, 32% are
left-sided, and 12% are right-sided.®

Treatment
Current evidence suggests that TEA attacks can be man-
aged with anticonvulsant medication, and often resolve
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completely following monotherapy.** However, treatment
is often delayed owing to misdiagnosis of patients as
having TGA, psychogenic attacks or dementia. Whether
persistent memory impairments (including ALF, auto-
biographical amnesia or topographical amnesia) also
respond to, or can be prevented with, antiepileptic drugs
is unclear. One case report of TEA suggests that treat-
ment is associated with some memory improvement.”
Nevertheless, for some patients persistent memory prob-
lems remain even once the amnesic attacks have ceased.”
In many countries, patients diagnosed with TEA are
banned from driving until they have been free of attacks
for 1 year.

Psychogenic amnesic states

Cases of transient amnesia straddle the border between
psychiatry and neurology, and highlight how artificial
and misleading the traditional distinction between
these two disciplines can be. As discussed above, TGA—
generally thought of as a neurological condition with
hints of ‘organic pathology’ in the medial temporal
lobes—can be triggered by psychological stressors, and
may be more common among people with pathological
personality traits or a history of anxiety or depressive dis-
order.?® For other instances of transient amnesia in which
no obvious neuropathological cause exists, the disorder
may be explained in purely psychological terms. Such
cases are variably termed ‘psychogenic amnesia’ (our
preference), ‘functional amnesia, ‘dissociative amnesia’
or ‘hysterical amnesia’

According to Kopelman,” psychogenic amnesia can
be divided into two main subtypes; namely, situation-
specific psychogenic amnesia and global psychogenic
amnesia. In the former, a temporally circumscribed
amnesia is associated with a specific and usually emo-
tionally charged event, such as a criminal offence. The
degree of amnesia is proportional to the violence of
the offence, and up to 30% of convicted homicide cases
have amnesia claimed at trial.!® Global psychogenic
amnesia (or mnestic block syndrome’®) is not restricted
to a single event but involves memory loss for a large
swathe of the past and even loss of the patient’s own
identity. This type of amnesia looms large in the public
imagination and is beloved by Hollywood screenwriters.

Epidemiology

The incidence of psychogenic amnesia is unknown, but
it seems to be much less common than TGA or TEA.'*
Psychogenic amnesias also tend to affect young people,
being more commonly reported in the third and fourth
decade of life.!3-1%7

Case example

A 53-year-old salesman was found wandering in a forest
by police, having been reported missing by his family. On
assessment in hospital, he was found to have “a complete
loss of memory,” unable to recall any events from his
past. He could not remember his own name and failed
to recognize family members including his daughter,
with whom he had a bitter row that morning. In stark

contrast, he had no difficulty in retaining new informa-
tion such as the names of the medical staff attending him.
Routine investigations, including MRI of the brain, were
normal. It later emerged that, over the past few months,
he had amassed extensive financial debt as a result of
failed investments, and had been drinking heavily. Little
improvement in his memory was observed over a 5-year
follow-up period.

Clinical presentation

The onset of psychogenic amnesia typically follows a
stressful experience, such as a marital or financial crisis,
and there is often a background of depression or alcohol
abuse.'® Psychogenic amnesia is thought to be linked
to a history of nonpsychogenic, or ‘organic) transient
amnesia.'”® Knowledge of personal identity is often
impaired—a feature not observed in organic amnesia. A
period of wandering or ‘psychogenic fugue’ may occur,
lasting for a few hours to days. Patients have a profound
inability to recall information acquired prior to the onset
of amnesia, but anterograde memory is comparatively
preserved so that they are able to ‘relearn’ about them-
selves. Such focal retrograde amnesia is often held as the
hallmark of psychogenic amnesia, but this character-
istic has also been reported in association with neuro-
logical conditions, including TEA (Figure 5).°1108-110
Some patients with psychogenic amnesia have neuro-
behavioural abnormalities such as functional limb weak-
ness, loss of ability to read and write, or difficulty using
common devices such as a telephone.'*” There may be a
suspicion of secondary gain in some patients;''" however,
to try and untangle conscious and nonconscious mecha-
nisms underlying the amnesic event is usually fruitless,
except in rare cases when the patient later confesses to
having intentionally deceived.

Neuropsychology

The pattern of performance on neuropsychological
testing varies considerably in patients with psychogenic
amnesia. In general, anterograde memory is preserved,
although some individuals may score lower on testing
than would be expected by their ability to remem-
ber day-to-day events.!*!'"!!2 By contrast, retrograde
memory both for personal and public events, as well
as factual knowledge (for example, of famous people
or television programmes), is strikingly impaired,
often across the lifespan. Despite this perceived loss
of retrograde memory, patients might demonstrate
implicit use of forgotten” information when tested indi-
rectly.’®®!!! Beyond the memory domain, patients may
also demonstrate impairment on tests of attention and
executive function—a finding that has been attributed
to ‘persistent stress’ by some researchers.!!!

Neuroimaging

Psychogenic amnesia, by definition, is not associated with
structural brain damage to which the memory impair-
ment can be attributed. However, FDG-PET imaging in
single cases and in one sample of 14 patients with psycho-
genic amnesia revealed a region of hypometabolism
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Figure 5 | Diagnostic pathways in patients with acute memory loss. Abbreviations: CSF, cerebrospinal fluid; DWI, diffusion-

weighted imaging; HSV, herpes simplex virus.

in the right prefrontal cortex.!’* Whether functional
changes in this brain region are causally related to the
amnesia has not yet been established. Notably, how-
ever, focal damage to the right prefrontal cortex has
been reported to cause focal retrograde amnesia for
autobiographical events.'!*

Treatment

Memory impairment in psychogenic amnesia has clas-
sically been regarded as reversible, with early studies
reporting good recovery within a month from the onset
of amnesia.!*»!® More-recent studies that employed
extensive neuropsychological testing, however, showed
only protracted and incomplete recovery in many
cases.'%®!'¢ No data exist on the efficacy or otherwise
of behavioural or pharmaceutical interventions for
psychogenic amnesia.

Other causes of transient amnesia
Hippocampal stroke

The hippocampal region is very sensitive to ischaemic
damage. In the 1970s, Benson et al. coined the term
‘amnestic stroke’” to describe patients with memory
impairment after experiencing a stroke.!!” Several case
series have since confirmed that posterior cerebral
artery strokes, which involve the hippocampus, can lead
to transient amnesia.'’’"'** Hippocampal stroke may
mimic the amnesic deficit observed in TGA,'* but the
amnesia is often accompanied by other signs, such as
hemianopia, owing to more-widespread infarction.'**
Szabo et al. identified four distinct anatomical patterns
of hippocampal infarction that each correspond to dis-
tinct arterial territories: complete; lateral (selective CA1
damage); partial (either posterior or anterior regions of
the hippocampus); and small focal lesions.'?"'??

Diencephalic amnesia

Damage to the anterior and medial thalamic nuclei can
cause memory impairment that is broadly similar to
hippocampal amnesia in that episodic memory is most
severely affected while working and implicit memory
seems to be spared.>'>'>> However, amnesia caused by
such damage is often accompanied by dysexecutive and
behavioural symptoms such as reduced verbal fluency,
apathy and dysphoria.'?® The two commonest causes of
diencephalic amnesia are thalamic stroke and Korsakoff
syndrome—a subacute neurological syndrome resulting
from vitamin B, deficiency that leads to diencephalic
lesions involving the medial thalamus, periventricular
region of the third ventricle, periaqueductal area, mam-
millary bodies, midbrain tectum and fornix. The anterior
and medial thalamic nuclei and the mamillothalamic
tract are supplied by the anterior choroidal, tubero-
thalamic artery and paramedian arteries, respectively.
Lacunar infarcts of these vascular territories, particularly
if they are left-sided, can lead to acute impairments of
anterograde and retrograde episodic memory (Figure 3).
Damage to the basal forebrain (often with additional
involvement of the orbitofrontal cortex) leads to basal
forebrain amnesia as a result of rupture of an anterior
communicating artery aneurysm, and can result in a pro-
found anterograde memory impairment that is frequently
accompanied by executive deficits and confabulations.'?’

Limbic encephalitis

The limbic system, including the hippocampus, can
be specifically targeted by infectious agents such as
herpes simplex virus, or by inflammatory conditions
(Figure 3). Recent interest has focused on autoimmune
limbic encephalitis. Although not directly classified
as a classic transient amnesic syndrome, patients with
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these syndromes can present with subacute episodic
memory disturbance and epileptic seizures, sometimes
accompanied by various neuropsychiatric symptoms,
such as disorientation, confusion, and behavioural
abnormalities. Paraneoplastic limbic encephalitis is
associated with the presence of classic onconeural
antibodies, such as anti-Hu, anti-Ma2 (or anti-Ta),
anti-CV2 (or anti-CRMP5) and anti-neuronal nuclear
antibody type 3, and can be detected in some patients
with cancers of the lung, thymus, breast or testes.'?® In
nonparaneoplastic limbic encephalitis, autoantibodies
can be found that attack neuronal surface antigens, such
as proteins associated with the voltage-gated potassium
channel complex (leucine-rich glioma inactivated 1
and contactin-associated protein 2), glutamic acid
decarboxylase, and receptors for the neurotransmitters
NMDA, AMPA and GABA ."*>"** MRI may reveal signal
abnormalities in limbic structures involved in memory
processing (such as the hippocampus, amygdala, hypo-
thalamus, and insular and cingulate cortices), with the
hippocampus being the predominantly affected struc-
ture (Figure 3)."*"132 A favourable treatment response and
outcome is dependent on early and aggressive immuno-
therapy.’**!** In a number of patients, however, the
acute phase is complicated by a relapsing disease course
followed by permanent amnesia with atrophy due to

connections between the temporal lobe system, neocorti-
cal areas and medial diencephalic structures are crucial
for the formation of episodic memory. Lesions to either
region elicit a profound amnesic state. Recent neuro-
imaging findings suggest that a transient perturbation of
hippocampal function is the correlate of transient global
amnesia, as focal lesions in the CA1 region can be reli-
ably detected on DWI. The maximum detectability of
these lesions is at 24-72 h after onset of symptoms. If a
patient has repetitive, brief amnesic episodes, the diag-
nosis of transient epileptic amnesia should be considered.
Antiepileptic drugs are highly effective in treating the
amnesic attacks, but unusual interictal memory deficits
may persist. Both TGA and TEA need to be distinguished
from psychogenic amnesia, in which retrograde memory
loss usually occurs in the presence of normal anterograde
memory. Further studies should focus on the mechanisms
of regional susceptibility within memory networks to
acute insults, neurodegeneration and age-related changes,
and explore the potential role of hippocampal plasticity
in the rehabilitation of patients with memory disorders.
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