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Foreword to the Second Edition

Transient global amnesia (TGA) is amongst the most dramatic and distinctive cog-
nitive disorders—the abrupt loss of the ability to lay down any conscious memory
of continuing events, combined with a more variable loss of recall for recent events,
bewilders sufferers and alarms their companions in equal measure. Mercifully,
rather than being the harbinger of disaster that it at first appears, the condition is
typically benign. It offers a striking glimpse of brain mechanisms—revealing that
abilities we normally take to be integral to our human minds are in fact dissociable,
as patients with TGA suddenly enter, and then just as mysteriously depart, the
deeply disconcerting predicament of amnesia. The condition defies the false dichot-
omy between neurology and psychiatry—emotional stress is a recognised trigger of
this thoroughly ‘neurological’ condition. And it is important clinically—sufficiently
common that every casualty officer should be able to identify and manage it, not
least to avoid the risk of prescribing powerful but unnecessary treatment for a sus-
pected stroke.

Whilst it is distinctive, revealing, common, and clinically important, its patho-
physiology remains a major puzzle. Successive attempts to explain TGA as a kind
of epilepsy, a form of vascular event, and a variety of migraine have failed, although
each of these disorders shares a fascinating border zone with TGA. Transient epi-
leptic amnesia, transient ischaemic amnesia, transient migrainous amnesia, and
TGA, all discussed in this volume, give to recognisably different, if sometimes
overlapping, presentations. Nevertheless, occasional patients still defy our best
efforts at classification. As Andrew discusses, TGA may in fact reflect a unique
form of pathology, in keeping with the unique contribution of the medial temporal
lobes to memory processing.

So memorable to clinicians is TGA at first encounter that it has been an excep-
tionally fertile source of case reports. Whilst these singular encounters are the place
where medical science takes off, making systematic sense of TGA has required the
creation of registries of carefully studied cases, epidemiological analyses, and,
increasingly, the application of modern imaging techniques linked to contemporary
models of memory systems and processes. Andrew outlines what we have learned
from each of these sources.



vi Foreword to the Second Edition

The subject of TGA has been much in need of a thoughtful synthesis which
Andrew supplies in this enlightening monograph. In the current academic world,
scientists—in my view—write too many papers but too few books. Books allow
their authors space to place subjects in their historical context, pull together the
strands of evidence, bring order to a mass of disparate clues. We owe Andrew a debt
for taking the time to write Transient Global Amnesia, and for his scholarly and
rigorous treatment of this intriguing disorder. This volume will be the first place
young clinicians and researchers intrigued by TGA should look to inform them-
selves fully—and an equally valuable resource for the seasoned operator.

Adam Zeman

Professor of Cognitive and Behavioural Neurology
University of Exeter College of Medicine and Health
St Luke’s Campus

Exeter, UK



Preface to the First Edition [2017]

This book has evolved from more than 15 years of personal experience in seeing
patients with transient global amnesia (TGA) as one component of work in a dedi-
cated cognitive disorders clinic based at a regional neurosciences centre (Larner
2014), as well as in general neurology clinics and on ward consultation visits in
district and teaching hospitals served by the centre and to which I have been
assigned. However, my interest in TGA dates back around 30 years to medical stu-
dent days in Oxford (1984—7) which happened to coincide with the time that John
Hodges’ studies of the condition were in progress. Twenty-five years on, his mono-
graph (Hodges 1991) remains a seminal work in the field, even though it predates
the explosion of neuroimaging studies using various modalities which were unavail-
able at that time. The only other book-length treatments of TGA are, to my knowl-
edge (largely confined as it is to the English language), those of Markowitsch (1990)
and, most recently, Britt Talley Daniel (2012).

Nevertheless, despite the paucity of books, many reviews have been (e.g. Whitty
1977, Caplan 1985; Kritchevsky 1992; Zeman and Hodges 1997) and continue to be
published on the subject (e.g. considering only the past 10 years or so, Sander and
Sander 2005; Butler and Zeman 2006; Quinette et al. 2006; Simos and Papanicolaou
2006; Owen et al. 2007; Marin-Garcia and Ruiz-Vargas 2008; Shekhar 2008; Veran
et al. 2008; Klotzsch 2009; Bartsch and Deuschl 2010; Urban 2010; Hunter 2011;
Kirshner 2011; Forman 2012; Bartsch and Butler 2013; Marazzi et al. 2014; Szabo
2014; Wilkinson and Derry 2014; Arena and Rabinstein 2015), including brief
accounts from this centre (Larner 2008a, b, 2013; Larner et al. 2011; Williamson
and Larner 2015). These publications attest to the interest in the condition of not
only neurologists but also general physicians, emergency room specialists (Brown
1997; Harrison and Williams 2007; Faust and Nemes 2016), psychiatrists, occupa-
tional health physicians, and even practitioners involved in medico-legal work
(Griebe et al. 2015), all of whom may encounter TGA patients. Moreover, amongst
neurologists, not only those with an interest in cognitive neurology but also special-
ists in headache disorders, epilepsy, and stroke may need to consider TGA in the
differential diagnosis of their typical patient cohorts. Hence a broad constituency of
clinicians may require access to a ready source of information about TGA,

vii



viii Preface to the First Edition [2017]

presenting a lacuna for a further synoptic account of the condition. This is supple-
mented by my own clinical experience, with illustrative case material summarised
in occasional Case Study text boxes.

This is a book by a clinician for clinicians which also delves a little into the brain-
behaviour implications (the neuropsychology of mental structure) of the condition,
hence the arrangement of the chapters: after a brief overview of the historical per-
spective (Chap. 1), the clinical aspects are covered (Chaps. 2-5) before a review of
epidemiology and aetiopathogenesis (Chaps. 6 and 7, respectively). The book does
not aim to review, far less to catalogue, every paper ever written on the subject of
TGA, and in view of previous extensive reviews (e.g. Quinette et al. 2006) the focus
is particularly on material published in the past 10 years. Although the book builds
on the work of many clinicians, any remaining errors and misconceptions are my own.

Liverpool, UK A.J. Larner
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Preface to the Second Edition [2022]

This new edition encompasses 20 years of personal experience in seeing TGA
patients, incorporates much new material on TGA published in the last 5 years, and
also includes some old material previously missed or overlooked. Whilst reviews of
TGA continue to appear [1, 2], the more significant development has been in the
number of systematic reviews, meta-analyses, and studies using population-based
datasets which have begun to emerge.

Whilst the arrangement of the chapters in this edition remains unchanged, those
on investigation and epidemiology have both been split into two chapters to make
them less unwieldy, the former because of the significant increase in the number of
neuroimaging studies of TGA. As in the first edition, the purpose has not been to
attempt to catalogue every single paper ever published on the subject but to eluci-
date key themes as currently understood.

The most significant change has been the attempt to develop more on the patho-
genic mechanisms of TGA, beyond the traditional stroke/epilepsy/migraine con-
cepts (Chap. 9). Admittedly this is more speculative than, although developed from,
the evidence base described in the rest of the book, but the absence of any particular
TGA hypothesis was an acknowledged lacuna in the first edition.

Liverpool, UK A.J. Larner
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Chapter 1
History of TGA

Abstract This chapter considers the history of TGA. This may be dated from the
first use of the term “transient global amnesia” by Fisher and Adams in their publi-
cations of 1958 and 1964, but the characteristic clinical features had been described
earlier than this under different appellations, in both the English (“episode of confu-
sion with amnesia”) and French (“les ictus amnésiques™) literature. To date, the
earliest probable case noted is that published by Benon in 1909. The reports retro-
spectively identified as suggestive of TGA had already described the associations
with catheter angiography of the vertebral arteries and with migraine.

Keywords TGA - History

1.1 Beginnings: Fisher and Adams’ First Accounts of TGA

The syndrome of transient global amnesia (TGA) was first described as such by the
neurologists C. Miller Fisher (1913-2012) and Raymond D. Adams (1911-2008) in
1958 [1] and 1964 [2].

In an interview with Raymond Adams, his biographer Robert Laureno asked him
whether he recalled any of his cases:

RA: Our first case was the wife of the dean of a medical school, who brought her to me.
They had been at their summer place. It was their practice to get up in the morning to go for
a swim in the cold north shore water. She set the breakfast table. When they returned from
the swim, she had no memory of having set the table or having gone for the swim. Her
memory for the day before was virtually nil. He called me and brought her to the
Massachusetts General Hospital that afternoon and by then she was completely recovered.
She did not remember the episode or the events of the preceding hours. That was our first
case, several years before our publication ([3], p.107).

In their first published report, of 1958, Fisher and Adams described 12 cases with
a relatively uniform and stereotyped clinical picture consisting of a profound but
transient amnesic syndrome which they believed had not previously been described
in the medical literature and which they called “transient global amnesia” [1]. Only

© The Author(s), under exclusive license to Springer Nature 1
Switzerland AG 2022
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2 1 History of TGA

later did it become apparent that not all mnestic function is impaired in transient
global amnesia (see Chap. 2 and Sect. 4.1.1) and hence that “global” may be a mis-
nomer. At the time of this publication, the deeper fractionation of mnestic pro-
cesses, much of it related to work on patient HM [4], had not yet impacted clinical
practice.

Fisher and Adams’ subsequent paper, published in 1964, was an altogether more
substantial affair, indeed comprising an entire supplement of the journal Acta
Neurologica Scandinavica. This was an amplification of the earlier paper, now pre-
senting 17 extensive case descriptions as well as discussions of the possible aetiol-
ogy of TGA, of which their favoured explanation, albeit tentative, was “a special
type of focal cerebral seizure” [2]. Caplan’s biography of Fisher adds no other
details about these inaugural TGA papers [5].

TGA represents just one of Raymond Adams’ many major contributions in neu-
rology, as listed in Laureno’s biography [3]. However, whether this could be labelled
as an “original” contribution is moot. Although new neurological diseases do some-
times emerge, it would seem a priori that TGA was not a new condition when Fisher
and Adams described it, contrary to their statement that it “appeared to represent a
distinct clinical syndrome which heretofore had not been delineated in the litera-
ture” [2]. Indeed, prior reports documenting cases similar to, and almost certainly
representing examples of, what Fisher and Adams called TGA (and of which they
were apparently unaware) may also be found in the literature, accounts which might
be figuratively termed the “prehistory” of TGA.

1.2 “Prehistory” of TGA

In 1956, Morris Bender described 12 patients who experienced an “isolated episode
of confusion with amnesia”, which was characterised by a “single brief period of
defective memory and confusion with a complete retrograde amnesia”. Repetition
of the same questions by the patient was a frequent clinical observation. Attacks
were reported to last for a few hours but did not recur. Bender found it difficult to
classify these events, but favoured a “transient circulatory disturbance of the brain”
[6]. A later paper by the same author detailed the clinical features in 26 patients and
emphasised the absence of recurrence [7]. Jaffe and Bender subsequently reported
on 51 patients, with particular reference to electroencephalographic (EEG) findings
[8] (Sect. 4.2.1).

Contemporaneously with Bender’s first (1956) account, though the authors were
evidently unknown to one another, Guyotat and Courjon writing in the French lit-
erature described 16 patients with “I’ictus amnésique” [9], a syndrome of “transient
loss of retrograde memory without diffuse loss of brain function” (translation of
Pearce and Bogousslavasky; [10], p.189). In contrast to Bender’s report, six of their
sixteen patients had more than one episode. The possibility of recurrence of amne-
sic attacks was subsequently also mentioned by Fisher and Adams [2].
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Prior to Guyotat and Courjon [9], the term “ictus amnésique” had been in use,
apparently originating with Jean Alfred Fournier in 1879 who reported patients with
amnesic spells in the context of tabes and general paresis ([10], p.188). The term
was also subsequently used to describe other cases which appeared in the French
literature which are likely to have been examples of TGA ([11], p.3).

In 1954, Hauge described three cases of acute and transient memory loss follow-
ing catheter angiography of the vertebral arteries. Some patients had visual distur-
bances which resembled migraine following the injection of contrast media [12].
Retrospectively, it seems likely that these cases probably correspond with what
Fisher and Adams called TGA. Other cases of TGA associated with angiographic
procedures have subsequently been described (see Sect. 3.1.5 and Table 3.6).

When John Hodges published his influential monograph on TGA in 1991, it was
thought that Hauge’s account was probably the earliest description of TGA ([11],
p-3). Hodges did note, however, that earlier cases of TGA might have been
“immersed in the literature on psychogenic amnesia” ([11], p.4) and cited possible
examples from the 1939 publication of Kanzer [13]. Hodges noted the concurrent
decrease in reports of “hysterical amnesia” and increase in reports of TGA from the
1960s onwards. Gil et al. later challenged Hodges’ contention, finding a “clear dif-
ferentiation between hysterical amnesia and amnesia triggered by an emotional
shock” in the 1900 textbook of Paul Sollier (1861-1933), a student of Charcot, dat-
ing from the late nineteenth century [14]. Gil et al. also state that Sollier’s 1900
book portrayed “characteristic descriptions of transient global amnesia after a vio-
lent emotional shock™ [14].

However, the earliest report which, at time of writing, seems to be acknowledged
as likely to be a typical case of TGA, as noted by Berrios ([15], p.22), is that pre-
sented by R Benon in 1909, under the rubric of “ictus amnésique” [16]. Of the four
patients reported, one (“Observation II’’) documented a 66-year-old woman who
had an episode lasting 4-5 h characterised by an amnesic state with repetitive ques-
tioning, a retrograde amnesia of at least 30 years, but without other neurological
signs (see the translation in Pearce and Bogousslavsky’s paper [10] which com-
memorates the 100th anniversary of Benon’s publication). There was no recurrence
during a 3-year period of follow-up. Benon drew a distinction between these cases
of “organic” amnesia and those which occurred in the context of general paresis
(syphilis) on which he had published previously [17].

Daniel ([18], p.2) states that the French clinician Théodule-Armand Ribot
(1839-1916) “described transient amnestic states suggestive of TGA” in his 1881
volume on Disorders of Memory. This claim for the priority of Ribot has also been
made by other authors writing on TGA [19, 20], but likewise eschewing quotation
or precise page citation from Ribot’s book. Consulting the English translation of the
book made by William Huntington Smith and published in New York in 1882 [21],
Ribot certainly addresses the subject of temporary amnesia, as compared with peri-
odic and progressive amnesia. The most suggestive account is simply a citation
([21], pp. 123-7) of a case previously presented in 1835 by “Kompfen” [22] which
followed a head injury, an exclusion criterion for TGA (see Sect. 2.2.2). Hence, I
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find no compelling account of TGA in Ribot [23], contrary to previous claims to
that effect [18-20].

Berrios claims descriptions of transient global amnesia in the works of Jules
Falret (1865) ([15], p.18) and Forbes Winslow (1861) ([15], p.16, 22). In the latter’s
On obscure diseases of the brain and disorders of the mind, in the chapter (XIV)
devoted to “Acute disorders of the memory” [24], I find no account suggestive of
TGA (Berrios [15], p.22, quotes from this chapter, but his page citation, p.372, is
incorrect; the quote is from p.342). Trimble states that “In the nineteenth century ...
examples of what we now refer to as transient global amnesia were reported” but
gives no references ([25], p.176-7).

This is not to say, of course, that TGA did not occur before the twentieth century:
absence of evidence is not equivalent to evidence of absence. The ontological chal-
lenge to the persistence of disease over historical time, suggesting as it does in this
situation that mechanisms of mnestic hippocampal function have changed, is simply
not credible [23].

1.3 After Fisher and Adams

It is acknowledged that TGA achieved general recognition as a distinct neurological
condition after the term was introduced by Fisher and Adams ([10], p. 188), but this
recognition was not achieved immediately.

Poser and Ziegler in 1960 reported cases of temporary amnesia which they
ascribed to “cerebrovascular insufficiency” [26]. Despite the brevity of their clinical
descriptions, Hodges ([11], p. 3) was “almost certain” that these represented cases
of TGA. Amongst these were patients with an existing diagnosis of migraine (see
Sect. 3.4.1 and Sect. 7.9), probably the first report of the concurrence of these condi-
tions. (Incidentally, Poser did later adopt the term “transient global amnesia”,
although the patient reported under this nomenclature had memory problems for
several days [27]. Nevertheless, Caplan included this case in his 1985 literature
review [28].) The possible link between TGA and migraine was later emphasised by
Caplan et al. in 1981 [29].

Evans in 1966 reported three patients with transient loss of memory, of whom
two had attacks suggestive of TGA in the context of a history of migraine. The third
patient had a history of temporal lobe epilepsy and the reported attack lasted more
than 48 hours so is unlikely to have been TGA [30]. Another early report was that
of Bolwig, in 1968, who presented four cases and favoured “transient ischemia in
the hippocampal region” as the aetiological explanation [31].

Recurrence of TGA attacks, although previously mentioned in the literature, for
example, by Guyotat and Courjon [9] and by Fisher and Adams [2], was made
explicit by Lou [32] (Sect. 6.2), although at least one patient in this series almost
certainly had an ischaemic aetiology (see Sect. 3.1).

Just as early accounts of patients with what would now be called TGA may be
found in the literature on psychogenic amnesia ([11], p.4), it is also possible that
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some cases labelled as having Korsakoff’s syndrome might in fact be examples of
TGA. From 1887 onwards, Sergei Korsakoff described cases of dense anterograde
amnesia in alcoholic patients, although earlier accounts had appeared, for example,
that of Robert Lawson in 1878 [33, 34]. Reports of “transient Korsakoff’s syn-
drome” but with clinical details suggestive of TGA may be found in the literature,
predating the widespread awareness of the TGA construct [35, 36].

An example of the increased recognition of the condition, and the ascendancy of
Fisher and Adams’ proposed TGA nomenclature, was provided by the consecutive
editions of Whitty and Zangwill’s textbook devoted to the subject of amnesia. In the
first edition of 1966, Whitty and Lishman, in their chapter entitled “Amnesia in
cerebral disease”, mentioned only Fisher and Adams’ original 1958 paper, under the
subheading of “Transient vascular occlusions” ([37], p.51). However, by the time of
the second edition of the book, published in 1977, a whole chapter was devoted
exclusively to TGA, including a case personally observed by Whitty [38].

During this period, cases of TGA also began to be reported in languages other
than English (e.g. [39—42]). Perhaps the first monograph on the subject was pub-
lished by Gerhard Frank in 1981, reporting 27 personally observed cases [43].

An issue that emerged with these early reports, particularly noted in retrospect,
related to exactly what qualified for inclusion as “TGA” as conceptualised by Fisher
and Adams, and what did not, what was distinct and hence possibly a different dis-
order or disorders. In other words, the term “TGA” might have been applied some-
what loosely in these early accounts. By the time of Caplan’s 1985 review [28], he
was able to present data relating to 485 TGA patients reported in the literature and
suggested some boundaries for inclusion and exclusion (see Sect. 2.2.1). This trend
inevitably culminated in the formulation of diagnostic criteria for TGA, proposed
by Hodges and Warlow in 1990 [44], based on their clinico-epidemiological study
of TGA (Sect. 2.2.2). These proposals were somewhat more stringent than Caplan’s
proposed inclusion/exclusion boundaries.

These developments coincided with the advent of the widespread availability of
neuroimaging techniques, initially computed tomography (CT), in neurological
practice. Although CT contributed rather little to the understanding of TGA (Sect.
5.1.1), it was the harbinger of the rapid development in neuroimaging techniques,
particularly magnetic resonance imaging, which has contributed to understanding
of the condition and which will be discussed later in greater detail (Sect. 5.1.2).

The volume devoted largely to TGA which was edited by Markowitsch in 1990
[45] and the monograph by Hodges published in 1991 [11], the latter based on the
seminal publications of the Oxford TGA study (e.g. [44, 46—48]), indicated that
TGA had become a widely recognised condition and a legitimate subject for ongo-
ing investigations. Since then, Hodges and Warlow’s diagnostic criteria [44] have
been increasingly applied to TGA case definition. Retrospectively, there may be
caveats regarding cases labelled as “TGA” which were described prior to the adop-
tion of these criteria (e.g. see specific cases in the series reported by Evans [30] and
Lou [32], as mentioned above).

Notable contributions in more recent years have been the extensive review by
Quinette et al. in 2006 of 142 personally observed cases and 1353 cases found in the
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literature [49]. Daniel (2012) reviewed several hundred publications related to TGA
in his book [18], to my knowledge the most recent book length publication devoted
exclusively to TGA prior to the first edition of this book published in 2017. Recourse
to a PubMed search using the title words “transient global amnesia” returned 668
hits to the end of 2016 (accessed 02/01/2017) and 830 hits to the end of 2021
(accessed 31/12/21). This is certainly an underestimate of all publications related to
TGA, since papers describing cases do not necessarily have this term in the title
(Sect. 1.4). Of these articles, major series and systematic studies have until recent
times been relatively few (e.g. [50, 51], most publications reporting only single or a
few cases.

1.4 A Note on Nomenclature

As well as “ictus amnésiques” [9], a number of other terms have been used on occa-
sion to describe what appear to be typical TGA episodes. These include:

» episodic global amnesia (by Adams, cited in Laureno [3], p.145). This may owe
something to the terminology of “episode(s) of confusion with amnesia” used by
Bender [6, 7] and Jaffe and Bender [8].

e amnestic episodes (e.g. [39, 52], perhaps related to the appellation in German
(“Amnestische Episoden”, e.g. [43]).

 transitory global amnesia (e.g. [39, 53-55], perhaps related to the appellations in
French (“amnesia global transitoire”, e.g. [56]) and Spanish (“amnesia global
transitoria” or AGT, e.g. [57]).

e paroxysmal memory loss [58].

In this text, the familiar “transient global amnesia” terminology coined by Fisher
and Adams [1, 2] will be used throughout.

1.5 A Note on Methodology

Because TGA is a relatively rare condition, the majority of publications have been
single case reports or small case series. This anecdotal, opportunistic and unsystem-
atic literature constitutes the lowest rung on the ladder of clinical evidence (e.g. [59,
60]) and has been previously criticised [48]. Although this evidence is not ignored
here, the findings may be less robust than those emerging from case—control studies,
population cohort studies (e.g. [50, 51]), systematic reviews (e.g. [61]) and meta-
analyses (e.g. [62, 63]). These studies are far less common, but will be emphasised
in this text.
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1.6 Summary and Recommendations

Although first described as such in the late 1950s and early 1960s, the syndrome of
transient global amnesia has probably been reported in the medical literature under
other nomenclature since the beginning of the twentieth century. It would seem
likely that the human brain has always been vulnerable to this syndrome.
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Chapter 2 )
Clinical Features, Diagnostic Criteria b
and Possible Variants of TGA

Abstract This chapter begins with a consideration of the typical clinical features of
an attack of TGA. Although relatively stereotyped, nevertheless different authors
have used the “TGA” terminology to describe different events characterised by tran-
sient amnesia. Following the description of possible boundaries for what might be
included or excluded from the TGA label, diagnostic criteria were developed by
Hodges and Warlow in 1990 for definite or pure TGA. Whether variants of TGA
exist is still uncertain; if so, they are much rarer, gauged by the frequency of pub-
lished reports.

Keywords TGA - Clinical features - Diagnostic criteria - Variants

2.1 Clinical Features of TGA

2.1.1 TGA Archetype

The clinical features of transient global amnesia (TGA) are best illustrated by citing
a typical case history, and it is generally acknowledged that in this regard the
descriptions by Fisher and Adams [1, 2] are archetypal:

Case 1. Man, aged 67

The patient, a brilliant professional man, suffered his attack immediately after he had
spent about one and a half hours being interviewed by two journalists at his home. The
subject of the discussion was the history of an organization some 33 years ago and the
details provided proved accurate and during the interview the journalists noted no abnor-
mality in the patient whatsoever. As the visitors left, the patient bade them goodby [sic] and
added a few appropriately humorous words. The members of his family were standing in
the hallway 15 to 20 feet away and the patient was in full view and earshot while the visitors
were leaving. The patient turned and walked towards his family, not saying anything but
looking puzzled. He then asked, “Who are they?” (the visitors), “What are they doing
here?” [.] Then he asked how it happened that certain members of his family were present
(they had come for a visit the previous day). Then he asked if the family noticed anything
wrong with him. The patient was quite worried and clearly appreciated that he could not
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remember and could not collect his thoughts (one of the family members present was a
physician and provided most of the details of the events). For the next hour or hour and a
half the patient repeatedly asked somewhat similar questions: “Who was that? What were
they doing here? What are you doing here? Do you see anything wrong with me?”’[.] As
each question was answered he would go on to another, so that the repetition was not
wholly automatic. But if he remained quiet for a minute or so he would again begin a repeti-
tion of the same questions. There was no dysarthria or dysphasia ([2], p.9).

The typical features of TGA, made evident not only by the accounts of Fisher
and Adams by also by earlier authors [3, 4], consist of an abrupt attack of impaired
anterograde memory, affecting both verbal and non-verbal components, often mani-
fest as repeated, iterative, circular, questioning, but without clouding of conscious-
ness or focal neurological signs. The questions are usually of a self-orienting nature
(e.g. Where am 1?7 What is happening?). Also evident from clinical observation is
concurrent retrograde amnesia of variable duration, whereas personal identification
and other aspects of memory (working memory, semantic memory, implicit mem-
ory) appear to be intact (see Sect. 4.1 for more detailed discussion of the neuropsy-
chological features of TGA).

Patient behaviour during an attack is also characteristic. The insight that some-
thing is wrong is not uncommon [5], with the patient manifesting a sense of bewil-
derment or perplexity to onlookers, sometimes amounting to agitation or distress,
although sometimes the affect is rather flattened.

2.1.2 Accompanying Neurological
and Psychological Symptoms

Neurological symptoms during an attack may include a complaint of headache
(sometimes consistent with migraine), nausea and vomiting, and sometimes dizzi-
ness and sleepiness. For example, in a series of 203 episodes of TGA reported by
Ahn et al. [6], the most common associated symptoms were headache (14.8%), diz-
ziness (6.4%) and nausea/vomiting (5.4%). A wide variety of other symptoms has
also been described on occasion, including chills/flushes, fear of dying (angor
animi), paraesthesia, cold extremities, trembling, sweating, winding, and palpita-
tions [7], suggestive of activation of the autonomic nervous system.

Focal neurological signs described in some of the early reports of “TGA” (e.g.
dysarthria, dysphasia, visual field defects, hemiparesis) would now be considered to
exclude the diagnosis of TGA (see Sect. 2.2). Subtle impairments of smooth pursuit
eye movements have been documented using oculographic techniques within a
median of 1 day of TGA episodes [8], but whether these are evident to unaided
clinical neurological examination during attacks remains to be studied.

Acute changes in mood and anxiety levels have also been documented during
TGA, the most common emotional symptoms being anxiety and depression. Inzitari
et al. [9] noted symptoms during TGA were similar to those exhibited during a
panic attack. A number of studies have subsequently documented symptoms of
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anxiety and depression during attacks by administering brief rating scales (respec-
tively, the first part of the State-Trait Anxiety Inventory, and the Adjective Mood
Scale or Befindlichkeits-Skala) [5, 10, 11]. Psychological factors may also be pre-
disposing factors for TGA (Sect. 7.10).

2.1.3 Chronobiology: Diurnal Time of Onset

TGA attacks may occur at any time of the day. Diurnal variation in the time of onset,
with attack onset most often in the morning or at midday, was reported in both a
literature review (n = 17) and in a prospective patient cohort reported by Quinette
et al. [7]. Attacks apparent on waking from sleep were not found, and indeed this
may be an important differential diagnostic point, raising the possibility of an epi-
leptic disorder (see Sect. 3.2 and Sect. 7.12). In the series of Ahn et al. [6], TGA
episodes (n = 203) usually occurred in the morning (0600—1200 h: 36.5%) or in the
afternoon (1200-1800 h: 38.9%). Oehler et al. reported one case “occurring excep-
tionally while sleeping” [12]. Hoyer et al., analysing data from two large TGA
cohorts (n =404 and 261, respectively), reported bimodal peaks of TGA occurrence
at mid-morning and late afternoon in both cohorts, suggesting a robust circadian
rhythm in TGA occurrence independent of patient gender and age [13].

Time of TGA onset by day of the week, month or season of the year is considered
amongst predisposing factors of TGA (Sect. 7.2).

2.1.4 Attack Duration

Episodes of TGA are of brief duration, usually lasting between 1 and10 h. The mean
duration in two large series was 4.2 h [14] and 5.6 h [7]. In more recent series,
Agosti et al. [15] reported the duration to be 4.3 + 3.0 h, and Ahn et al. [6] reported
a median duration of 5 h. Episodes lasting less than 1 h were previously considered
rare (for example, Quinette et al. recorded only 3 such cases in 142 observed patients
[7]) and potentially more suggestive of transient epileptic amnesia (Sect. 3.2).
However, “short-duration TGA” (i.e. lasting <1 h) was noted to be quite common
(8.8-32.0%) in three large independent cohort studies, with clinical features and
long-term prognosis no different from longer episodes of TGA [16].

Because of the brevity of TGA, it is possible that many, if not most, attacks are
not brought to medical attention. This has implications for attempts to quantitate
disease incidence (Sect. 7.1). Extensive investigation post-event contributes rela-
tively little information, but studies of neuropsychology, neurophysiology and neu-
roimaging during an attack have contributed to the understanding of TGA (see
Chaps. 4 and 5).
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2.1.5 Prognosis, Recurrence

The prognosis of TGA is generally excellent (see Chap. 6). There is usually an
apparently complete recovery after the acute attack, aside from the absence of recol-
lection for the amnesic period.

TGA attacks are usually solitary, but some patients experience recurrence (Sect.
6.2). Quoted recurrence rates may depend, of course, on the extent and complete-
ness of patient follow-up, but the figure is probably around 5% [7]. A history of
recurrent events may broaden the differential diagnosis (see Chap. 3), particularly
the consideration of transient epileptic amnesia (Sect. 3.2; Case Study 2.1).

Case Study 2.1: Recurrent Attacks, Was it TGA?

A 60-year-old woman had experienced four episodes of transient amnesia
over a 4-year period, all similar in form and all witnessed by her husband. All
were associated with exercise (canoeing, cycling twice and swimming in cold
water) and were characterised by repetitive questioning lasting between about
2 and 7 h with apparent complete recovery. Because of their recurrent nature,
a provisional diagnosis of transient epileptic amnesia (TEA) had been made
(MR brain imaging and EEG were both normal) and she was advised to stop
driving and start taking an antiepileptic medication. She was not willing to
contemplate medication so a second opinion was sought. On the basis of the
witness account, the episodes were thought to be more typical of TGA than
TEA, despite their recurrence. There were no episodes of amnesia on waking
from sleep. On the Mini-Mental State Examination, she scored 30/30 and on
the Montreal Cognitive Assessment 29/30. Over a 6-year period of follow-up,
no further amnesic events occurred without antiepileptic drug treatment.

2.2 Diagnostic Criteria of TGA

2.2.1 Essential Features and Inclusion/Exclusion Boundaries

Although the clinical features of TGA are relatively stereotyped (Sect. 2.1), never-
theless episodes of transient amnesia may sometimes present diagnostic difficulties
(see Chap. 3 for a consideration of the differential diagnosis). It should be remem-
bered that not every paper purporting to describe TGA is necessarily describing TGA!

To investigate a specific condition or disorder, in order to try to understand fac-
tors such as its epidemiology (see Chaps. 7 and 8) and pathogenesis (Chap. 9), it is
obviously important that only examples of that disorder are examined and no other
disorders which might seem clinically similar but which may have different causes.
Hence the drive to codify clinical diagnosis by means of developing consensus diag-
nostic criteria, a project which has encompassed many neurological disorders (e.g.
[17]). A similar rationale has been applied in TGA. As will be shown (see Chap. 3),
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TGA has a potentially broad differential diagnosis, with a number of possible mim-
ics or phenocopies.

Kane [18] recognised the need for diagnostic precision for TGA and listed ten
“essential features” based on an experience of six patients followed up for 2.5 years,
specifically:

* no premonitory transient ischaemic attack (TIA);
* risk factors for stroke often absent;

* isolated severe loss of recent memory (<24 h);

» complete clearing once episode is passed;

* patient aware/anxious about deficit;

* sparing of motor, visual and speech systems;

* no change in personality;

e persistence of unimpaired technical skills;
 rarely evolves to more characteristic stroke;
 rarely recurs ([18], p.726).

Perhaps implicit in these features was Kane’s assumption that the pathology of
TGA was vascular. Whilst these “essential features” have face validity, the defini-
tion of diagnostic criteria generally requires a more precise methodology and the
examination of many more cases.

Caplan ([19], p.206-7) proposed “boundaries ... of what can be included within
the diagnostic category of transient global amnesia, and what should properly be
excluded”, noting that hitherto such boundaries had been “fuzzy”. The strict cate-
gorical definition of TGA which emerged was based on a large personal case series
and literature review, with four points emerging as central to diagnosis, viz.:

1. “Information about the beginning of the attack should be available from a capa-
ble observer who witnessed the onset™.

This stipulation sought to exclude amnesic episodes secondary to trauma or
epileptic seizure since these aetiologies could not be easily excluded if the onset
of the event was unwitnessed.

2. “The patient should have been examined during the attack to be certain that other
neurological symptoms and signs did not accompany the amnesia”.

The ideal of neurologist as examiner was noted to be impractical, since rela-
tively few patients reach medical facilities within the time frame of an attack,
and even if they do come to medical attention, clinicians with the skills and
knowledge to undertake appropriate examination may not be immediately avail-
able. Caplan accepted that information from a “careful, concerned witness” who
interacted with the patient would be acceptable, but patient self-report or infor-
mation from casual companions would not.

3. “There should be no important accompanying neurological signs”.
4. “The memory loss should be transient”.



16 2 Clinical Features, Diagnostic Criteria and Possible Variants of TGA

The extent of transience was not defined, and in his review, Caplan accepted
cases of amnesia ranging in reported duration from 15 min to 7 days (cf. Sect. 2.1.4).

These “boundaries” defined by Caplan are still cited as “Diagnostic criteria for
Transient Global Amnesia” in a textbook devoted to diagnostic criteria in neurology
published in 2006 ([17], p.52-3) and certainly influenced subsequent thinking on
the nature of TGA.

Of note, neither Kane nor Caplan appears to have been explicit about the exclu-
sion of clouding or loss of consciousness in TGA, although this might be implicit in
the formulation of “patient aware” [18] and “no ... accompanying neurological
signs” [19].

2.2.2 Hodges and Warlow’s 1990 Diagnostic Criteria

Based upon their extensive clinical experience of TGA cases and a review of the
literature, Hodges and Warlow [14] and Hodges ([20], p.6—12) developed seven
diagnostic criteria for definite or pure TGA (see Table 2.1). These are explicit, inter
alia, about level of consciousness and absence of aphasia.

(An eighth criterion was added by Nishiyama et al. [21], specifically for the
diagnosis of transient partial verbal amnesia; see Sect. 2.3.2.)

The Hodges and Warlow 1990 criteria have become widely accepted and used
(although, to my knowledge, have never been independently verified), indeed are
now sometimes referred to as the “classical criteria” ([22], p.2270). Although the
pre-1990 literature on TGA, predating the Hodges and Warlow criteria, will not be
ignored in this book, post-1990 published material in which these diagnostic criteria
have been applied will generally be given greater weight, as excluding other disor-
ders which enter the differential diagnosis of TGA (see Chap. 3). Retrospectively,
there may be caveats about some cases reported as “TGA” prior to the adoption of
these criteria; re-analysis of the described clinical features may put some reports out
with these diagnostic criteria. The “pure TGA” terminology had been used before

Table 2.1 Diagnostic criteria for definite TGA based on Hodges and Warlow 1990 [14] and
Hodges 1991 ([20], p.12)

(a) Attacks must be witnessed and information available from a capable observer who was
present for most of the attack.

(b) There must be clear-cut anterograde amnesia during the attack.

(c) Clouding of consciousness and loss of personal identity must be absent, and the cognitive
impairment limited to amnesia (i.e. no aphasia, apraxia).

(d) There should be no accompanying focal neurological symptoms during the attack and no
significant neurological signs afterwards.

(e) Epileptic features must be absent.

(f) Attacks must resolve within 24 h.

(g) Patients with recent head injury or active epilepsy (that is, remaining on medication or one
seizure in the past two years) are excluded.
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this landmark paper (e.g. [23, 24]) and has also been used on occasion since, specifi-
cally with respect to what might be termed “symptomatic” cases (e.g. [25-27]).

A reliable witness account of the attack is the first criterion; hence unwitnessed
amnesic attacks cannot be diagnosed as TGA (e.g. Case Study 2.2). In their study of
153 cases of acute amnesia, Hodges and Warlow [14] excluded 39 cases (25%), the
principal reason being unwitnessed attack (n = 14), followed by very limited details
(8). In the author’s personal series of acute amnesic patients seen over the period
2002-2021, 23 of 73 cases (31.5%) were excluded as not conforming to the Hodges
and Warlow criteria (see also Fig. 7.3; note that these figures do not include cases
confidently diagnosed as transient epileptic amnesia; Sect. 3.2).

Case Study 2.2: Unwitnessed Attack, Was it TGA?

A 79-year-old man was on a long walking expedition when he had an episode
of impaired memory. No direct witness account was available, but apparently
he had wanted to stop, had sat down and was asking repetitive questions for
about half an hour. His wife attended the clinic with him but had not been with
her husband on the walk, and by the time she had seen him several hours after
the incident, he was apparently back to normal. A provisional diagnosis of
TGA was made. (see Case Study 7.2 for further details.)

One implication emerging from the application of the Hodges and Warlow crite-
ria is that diagnostic labels such as “TGA-like” syndrome (e.g. [28-33]) or “TGA-
plus” syndrome (e.g. [34]) are misnomers. By applying the criteria, episodes are
defined as “definite or pure TGA” or as “not TGA”. To avoid potential confusion, a
terminology that avoided the “TGA” label might be desirable to describe events not
fulfilling TGA criteria: perhaps “transient amnesia of uncertain origin” or “transient
amnesia not fulfilling criteria for TGA” would be preferable to “TGA-like” or
“TGA-plus” syndromes.

The Hodges and Warlow criteria are entirely based on clinical history and exami-
nation findings, without recourse to any findings from investigations (see Chaps. 4
and 5). A corollary is that if the diagnosis of TGA is based on the use of these crite-
ria then TGA remains a clinical diagnosis, with no current supplementary biomark-
ers (e.g. to help distinguish TGA from TEA). Whether the Hodges and Warlow
criteria should be expanded in the light of more recent findings remains to be
decided. For example, the possibility of modifying the criteria in the light of the
neuroimaging changes observed in TGA, particularly diffusion-weighted magnetic
resonance imaging sequences (Sect. 5.1.2), has been suggested (e.g. [35], p.109;
[36]). The acute psychological changes (Sect. 2.1.2) are also overlooked by the
Hodges and Warlow criteria, although “patient aware/anxious about deficit” was
included amongst the ten “essential features” listed by Kane [18].
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2.2.3 TGA Subtypes?

A question remaining unanswered by the Hodges and Warlow criteria is whether
there might be subtypes of TGA, related to factors such as whether cases are idio-
pathic or symptomatic and whether episodes are single or recurrent.

A distinction may be drawn between a primary or idiopathic form of TGA and a
secondary or symptomatic form of TGA, for example, TGA occurring secondary to
a clear precipitating event, such as cerebral angiography (Sect. 3.1.6) or exposure to
cold water (Sect. 1.1 and Sect. 8.3), or associated with a cerebral lesion such as an
ischaemic stroke (Sect. 3.1.2) or tumour (Sect. 7.12). There is no evidence to sug-
gest that these are different clinico-pathological entities, although whether the sec-
ondary or symptomatic forms shed any light on the pathogenesis of the primary or
idiopathic form(s) remains to be established. The label of “spontaneous TGA” or
“spontaneously occurring TGA” for those episodes occurring without an obvious
precipitating factor is also questionable, as such factors may be identified with
deeper analysis (Chap. 8).

At the time of Hodges and Warlow’s studies, the only readily available neuro-
logical investigations included cerebrospinal fluid analysis, electroencephalography
and brain imaging with computed tomography (CT) or single-photon emission
computed tomography (SPECT). The greater spatial resolution of magnetic reso-
nance (MR) brain imaging was not then easily accessed, let alone functional MR
studies.

Agosti et al. [37] considered the validity of the Hodges and Warlow criteria in the
light of a study of 130 consecutive patients with a first episode of TGA who under-
went MR brain imaging, of whom 13 (10%) were found to have a structural brain
lesion (leptomeningeal cysts 9; falx meningioma 2; cerebellar haemangioma 1;
white matter hyperintensities in parieto-temporal region 1). In the light of these
neuroradiological findings, they proposed that patients be classified into two sub-
groups, defined as primary TGA (classical attacks with normal neuroimaging: =
TGA-p) and TGA patients with brain lesions (= TGA-b). No clinical or demo-
graphic differences were found between the two groups. This was perhaps not a
surprising finding, since the brain lesions discovered on imaging were unlikely to be
contributors to pathogenesis.

In a subsequent study, Agosti et al. [15] divided TGA patients (n = 243) accord-
ing to whether or not they had evidence for internal jugular vein valve incompetence
(IJVVI), a factor that was considered possibly relevant to TGA pathogenesis (Sect.
4.3.3.2 and Sect. 9.2.2). TGA patients with IJVVI showed a higher frequency of
precipitating factors (Chap. 8) but had fewer vascular comorbidities (Sect. 7.11)
than TGA patients without IJVVI, suggesting to these authors that there may be
different mechanisms underpinning episodes of TGA.

Hence, it currently remains uncertain whether there is any merit in distinguishing
TGA as either primary or secondary for the understanding of disease aetiology,
although patient management in the latter category might be different. Investigations
may disclose a symptomatic cause (e.g. the very rare instances of underlying
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Fig. 2.1 Flow chart illustrating the possible decision-making process in the management of sus-
pected TGA (adapted from [40])

multiple sclerosis [38, 39]) which may have distinct implications for patient treat-
ment and management.

Another issue concerning TGA classification relates to recurrence. Although the
annual recurrence rate is low (Sect. 6.2.1), some individuals do suffer recurrent
TGA (e.g. Case Study 2.1), and there is some tentative evidence to suggest that
these patients may differ in some respects from those with single episodes (Sect.
6.2.2), which might potentially impact on prognosis.

A flow chart illustrating the possible decision-making process in the manage-
ment of suspected TGA is shown in Fig. 2.1.

2.3 Possible Variant Forms of TGA

TGA subgroups have been suggested on the basis of different precipitating events
(see Chap. 8), namely physical exertion in men and emotional upset in women [7].
However, the possibility of distinct TGA phenotypic variants within the broad con-
ceptualisation of TGA as an acute amnesic syndrome is considered here.
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Alzheimer’s disease (AD), perhaps the most common cause of amnesia encoun-
tered in clinical practice, typically presents as a syndrome of episodic amnesia,
reflecting neuronal disconnection of hippocampal structures from the cortex by the
plaque and tangle pathology typical of AD. However, other variants of AD are well
recognised, resulting from pathological change predominating elsewhere in the
brain [41]. Hence, logopenic progressive aphasia, visual variant/posterior cortical
atrophy and even frontal variants are acknowledged in modern diagnostic criteria
for AD [42], and a phenotype resembling corticobasal degeneration has also been
described on occasion (e.g. [43]). Might there also be variant forms of TGA?

Memory may be conceptualised neuropsychologically as a non-uniform, distrib-
uted cognitive function within which subdivisions in function may be differentiated
(Fig. 2.2), which involve various neuroanatomical substrates [44]. Current taxono-
mies of memory propose a distinction between declarative memory, also known as
explicit or conscious memory, and non-declarative memory, also known as implicit,
procedural and unconscious memory. Conceptual objections to this distinction are
to be noted ([45], p.155-8), but nevertheless this taxonomy is presented here as the
one most, if not all, cognitive neurologists current work with. “Working memory”
or immediate memory is better conceptualised as an aspect of attentional
mechanisms.

Declarative or explicit memories are intentional or conscious recollections of
previous experience. Declarative memory may be further subdivided into episodic
and semantic components. Episodic memories are specific personal events, some-
times known as autobiographical memories, which are time and place (context)
specific. These may be either verbal or non-verbal (visual), with localising value to
dominant and non-dominant hemispheres, respectively. Semantic memories, in con-
trast, are facts, a database of culturally-approved knowledge independent of any
specific context. A distinction may also be drawn between anterograde memory, the
laying down of new memories, and retrograde memory, the store of previously
encoded material. Could any of these memory subsystems or subassemblies, whose
anatomical substrates are thought to lie within the circuit of limbic structures pro-
posed by Papez [46], be liable to the same pathological process(es) responsible for
TGA, thus producing different variants of TGA?

Y Y
Explicit Implicit (non-
(declarative) memory declarative) memory
' |
Y Y 7 ¥
(eszﬁgﬂfes Semantic Procedural Priming,
Zvents) ’ (facts) (skills) conditioning

Fig. 2.2 Simplified taxonomy of memory processes (adapted from [40])
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A number of potential variants of TGA have been described in the literature:
transient topographical amnesia, transient partial verbal amnesia, transient semantic
amnesia and transient procedural amnesia. The first two of these suggest the possi-
ble fractionation of TGA into non-verbal and verbal variants. These might legiti-
mately be considered as forms of “selective amnesia”, a specification that has been
used by some authors (e.g. [47-49]). However, this terminology is probably best
avoided since “selective amnesia’ has passed into the vernacular to denote apparent
amnesia about a particular event or events that prove convenient for the person who
(apparently) cannot remember.

For clinical completeness, reports of these potential variants are included here.
However, such variants, if that is indeed what they are, are either rare or extremely
rare and will not be considered hereafter, since they are unlikely either to be encoun-
tered clinically or to shed any additional light on the pathogenesis of TGA.

2.3.1 Transient Topographical Amnesia (TTA)

The most frequently reported variant of the possible variants of TGA is transient
topographical amnesia (TTA). A number of reports of TTA have appeared, initially
single cases, all of them from Italian centres [50-53], and thereafter small series
([54], n = 8; [55], n = 10), as well as cases from countries other than Italy [54, 56—
58]. TTA may be identical to, or overlap with, cases labelled as “transient topo-
graphical disorientation” [59].

Stracciari [53] described the case of a woman who experienced three isolated
episodes of loss of topographical memory and postulated that this was a rare form
of selective non-verbal transient amnesia. Episodes were characterised by the sud-
den onset of failure to find the way despite spared recognition of the environment,
such as landmarks or objects, postulated to reflect transient right (non-dominant)
occipitotemporal region dysfunction. Impaired recognition of landmarks may be a
feature of some cases (e.g. [57, 59]).

Considering the published series of TTA, these show a female predominance (all
ten cases of Stracciari et al. [55]; 6 of 8 cases of Naranjo-Fernandez et al. [54]).
Episodes are brief, ranging from 5 to 40 min [55] with the average duration of
24.5 min [54], hence much shorter than in typical TGA episodes (see Sect. 2.1.4).
Indeed, some attacks which have been labelled as TTA apparently last only a few
seconds [57]. Patient age at time of attack ranged from 51 to 84 years in the series
of Stracciari et al. [55], with an average age of 69.13 + 8.79 years in the series of
Naranjo-Fernandez et al. [54]. Recurrence of up to three episodes was noted in 3 out
of 10 patients [55], with a mean number of episodes of 1.75, range 1-3 [54],
although some patients have many episodes over many years [57].

That TTA may be related to TGA is suggested not only on the basis of the shared
brevity of the attacks in the absence of other neurological features, but also the
observation of a patient with two episodes of TGA one of which ended in a typical
TTA attack [60]. Attacks may occur in patients with a history of migraine ([50], and
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[55], case 9), during a migraine attack [58], and may apparently be triggered by
swimming [60].

Neuropsychological evaluation in 12 patients 612 months after recovery from
TTA showed normal performance in all tasks but lower performance compared to
controls in a test of spatial (geographical) orientation, but it was not known whether
this deficit predated the TTA events [61]. One patient in the series of Naranjo-
Fernandez et al. [54] developed dementia 6 years after the acute episode.

No diagnostic criteria have been formulated for TTA to my knowledge. One may
question whether a patient with frequent attacks labelled as TTA but associated with
tonic rigidity of the left limbs and imaging findings of an angioma at the right cin-
gulate cortex [62] should qualify. Likewise, two patients with transient topographi-
cal disorientation accompanied by visual field defects and other cognitive
dysfunctions [63] are doubtful as examples of TTA if this phenomenon is pathoge-
netically related to TGA.

2.3.2 Transient Partial Verbal Amnesia (TPVA)

A number of case reports of patients with transient amnesia characterised by a
selective impairment of verbal memory with sparing of non-verbal memory, unlike
typical TGA in which both are affected, have appeared [64—67], sometimes labelled
transient partial verbal amnesia (TPVA) [21].

Damasio et al. [65] described a patient with relative preservation of orientation
to place and familiarity with previously known persons in the context of transient
impairment of verbal memory, who subsequently retained partial memory of the
event. Matias-Guiu and Codina [66] reported four patients with transient amnesia
affecting verbal material, but little clinical detail was provided. Okada et al. [67]
reported two patients with some degree of visual memory preservation during an
attack of “TGA”, with quicker recovery of non-verbal memory.

The fullest account is that of Nishiyama et al. [21]. They reported a 58-year-old
man examined during an attack. When sent to the hospital because of his memory
problems, manifested by repeated questioning, he was able to remember the faces
of newly encountered doctors but not their names. Administered the Wechsler
Memory Scale-Revised during the attack, which lasted for about 10 h, there was a
discrepancy between verbal (65) and visual (113) memory indices. The delayed
visual recall was normal during the attack but delayed verbal memory was severely
impaired; the latter normalised by the time of re-testing 2 weeks later. The authors
suggested eight points as criteria for TPVA: these were essentially the seven Hodges
and Warlow 1990 criteria [14] (Table 2.1) in addition to the requirement that amne-
sia must be limited to verbal materials.

Yildiz et al. [68] reported a 63-year-old vasculopath who underwent coronary
and lower extremity angiography who “experienced transient partial amnesia, head-
ache, and right upper extremity numbness” after repeated injections. No other
details of the neuropsychological deficit were given in the publication, but all
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symptoms returned to normal on the same day. Brady [69] commented on this arti-
cle but added no further case. The report by Yildiz et al. [68] would not fulfil the
suggested criteria for TPVA published some years earlier by Nishiyama et al. [21].

Mon et al. reported a neurologist who had a brief (<1 h; see Sect. 2.1.4) episode
of amnesia during a panel consultation by video link (Zoom), confirmed as TGA by
the subsequent observation of the typical magnetic resonance neuroimaging find-
ings (Sect. 5.1.2) who “partially remembered what had happened during memory
loss” [70].

The fractionation of memory function into verbal and non-verbal components
might be anticipated to result in partial syndromes selectively affecting verbal mem-
ory or visual memory (TTA), perhaps reflecting selective or predominant involve-
ment of only one cerebral hemisphere by whatever process(es) underpin(s) TGA.

2.3.3 Transient Semantic Amnesia

Hodges [71] reported a 50-year-old man who suffered an attack characterised by
transient loss of memory for word and object meaning during a typical migraine
headache. Interictal brain imaging (CT) and EEG were normal. This transient loss
of semantic memory but with preservation of anterograde episodic and working
memory was suggested to represent “transient semantic amnesia”. The literature
review identified only one prior possible case: Kapur et al. [72] reported a patient
with temporary loss of memory for people. A report of “transient selective amnesia”
for merchandise prices [47] might possibly represent a similar entity.

Considering the mental structure of memory processes, such a semantic variant
of TGA might be predictable. However, to my knowledge, no subsequent similar
cases have been reported, although as Hodges [71] pointed out such cases might
easily be overlooked because of the more subtle cognitive dysfunction compared to
that occurring in definite TGA.

2.3.4 Transient Procedural Amnesia

As previously mentioned, fractionation of memory into declarative (explicit) and
non-declarative (implicit, procedural) components underlies current models of
memory function (Fig. 2.2). Although all the possible variants of TGA described
hitherto have involved aspects of declarative memory, it would be theoretically and
clinically notable if cases of transient non-declarative memory dysfunction were
also observed. Preservation of procedural memory during definite TGA cases is
well attested to, including activities such as driving long distances (e.g. [73, 74]),
teaching school classes [18], being interviewed for a job [75], and undertaking
musical performance, either playing an instrument [76, 77] or conducting [78].
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In contrast to these observations, Stracciari et al. [79] described the case of a man
who experienced transient amnesia for familiar daily tasks which comprised his
occupation of bread making. The authors postulated that this was a disorder similar
to TGA but which selectively affected procedural memory, hence transient proce-
dural amnesia.

To my knowledge, no subsequent cases have been reported under the rubric of
transient procedural amnesia. However, Yamaoka et al. [49] reported two cases of
“transient selective amnesia” lasting several hours in which the patients became
unable to operate simple machines, respectively, a taxi meter and a fax machine;
neither patient had evidence of anterograde amnesia. (Note that the clinical pheno-
type in these patients appears to differ from that in a previous case reported as
“transient selective amnesia” by Finkel [47]). Moreover, both patients showed high-
intensity signal lesions in the left hippocampus CA1 region on diffusion-weighted
magnetic resonance imaging which disappeared in the chronic phase; such imaging
changes are those typically found in TGA cases (Sect. 5.1.2). This appears to be the
most compelling evidence presented to date for the existence of selective variants of
TGA and might be adduced as rationale for adding neuroimaging findings to the
diagnostic criteria (Sect. 2.2.2).

2.3.5 Transient Retrograde Amnesia

The term transient retrograde amnesia has been used on occasion [48, 80, 81], but
whether this terminology refers to the same clinical syndrome in each instance is
not clear. It has been used to describe a focal deficit in verbal fluency and living/
non-living dissociation in an amnesic period following a mild head injury [81]; a
syndrome of focal and selective loss of memory for autobiographical events [48];
and retrograde amnesia for recent events following anterior communicating artery
aneurysm coiling ([80]; note that TGA has also been described after aneurysm coil-
ing [82]). The duration of some of these events puts them well outside the diagnostic
criteria for TGA (e.g. 10 days [81]; no improvement after 2 days [80]). On the basis
of the current evidence, a selective retrograde amnesic variant of TGA is not
established.

2.4 Summary and Recommendations

TGA is a relatively stereotyped syndrome of dense anterograde amnesia with vari-
ably extensive retrograde amnesia, for which clinical diagnostic criteria have been
formulated and widely implemented. Whether variant forms of TGA exist, as might
be predicted from the current understanding of the fractionated neuropsychological
substrates of memory, remains uncertain.
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Not all reports of “TGA” predating the clinical diagnostic criteria conform to
what would now be considered TGA. Cases labelled as “TGA” which have been
reported since the inception of these criteria but which do not apply or fulfil these
criteria should be treated with some scepticism and should prompt consideration of
the differential diagnosis of TGA, which is elaborated in the next chapter.
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Chapter 3
Differential Diagnosis of TGA

Abstract This chapter considers the differential diagnosis of TGA. Key consider-
ations include cerebrovascular disease (TIA, stroke), epilepsy (transient epileptic
amnesia, TEA) and psychological causes, as well as a variety of other causes of
transient amnesia (migraine, adverse drug effect, hypoglycaemia, head injury) and
transient cerebral disorder (delirium, infection). On clinical grounds alone, it is
often possible to distinguish TGA from other causes of transient amnesia.

Keywords TGA - TEA - TIA - Psychogenic amnesia

There are a number of symptomatic causes of amnesia [1, 2] which, if transient
(Table 3.1), may sometimes be mistaken for TGA. However, the differential diagno-
sis of TGA covers more than just amnesic syndromes (Table 3.2). Some of these
conditions will be considered in this chapter.

As may be expected for an acute and transient syndrome, most patients with
transient global amnesia (TGA) who come to medical attention are seen by primary
care physicians working in community settings or acute care physicians based in
district general hospitals rather than by cognitive neurologists in dedicated tertiary
neuroscience centres (unless specific services and care pathways have been estab-
lished). In one small survey involving eight definite cases seen by one neurologist,
three were seen in outpatient clinics, five as ward consultations; the majority (7/8, =
88%) were seen in district general hospitals. Of note, the working or suggested
diagnoses (sometimes more than one) of the referring clinicians, which were avail-
able in seven cases at the time of referral to the neurologist, were stroke or TIA (5
cases), epilepsy (2) and viral illness (1) [4]. Certainly, the former two diagnoses
feature prominently in the differential diagnosis of TGA, which also encompasses
psychiatric or psychological disorder ([5], p.49-57).

The contrasts between TGA and some of these other conditions are summarised
in Table 3.3, although this should not be taken to imply that the clinical differences
are always necessarily clear cut. The differential diagnosis of TGA is considered
here in greater detail.
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Table 3.1: Differential diagnosis of amnesia (adapted from [3], p.242-3)

* Acute/transient:

Transient global amnesia (TGA)

Transient epileptic amnesia (TEA)

Transient psychological amnesia (TPA)

Migraine

Adverse drug effect

Hypoglycaemia

Traumatic brain (closed head) injury

Chronic/persistent:

Alzheimer’s disease

Wernicke—Korsakoff syndrome

Sequela of herpes simplex encephalitis

Limbic encephalitis (paraneoplastic or non-paraneoplastic)

Hypoxic brain injury

Bilateral paramedian thalamic infarction/posterior cerebral artery occlusion (“strategic infarct
dementia”)

Third ventricle tumour, cyst; fornix damage

Temporal lobectomy (bilateral, or unilateral with previous contralateral injury, usually birth
asphyxia)

Focal retrograde amnesia

Table 3.2: Differential diagnosis of TGA

» Causes of transient amnesia:

Transient epileptic amnesia (TEA)

Transient psychological amnesia (TPA)

Migraine

Adverse drug effect

Hypoglycaemia

Traumatic brain (closed head) injury

Alcohol-induced amnesia

Fatigue amnesia

Causes of acute cerebral disorder:

Transient ischaemic attack (TTA)

Acute confusional state/delirium/toxic-metabolic encephalopathy
Intracerebral haemorrhage/subarachnoid haemorrhage
Acute brain infection (encephalitis)

3.1 Cerebrovascular Disease

In the light of the apparently sudden onset of neurological dysfunction in TGA, it is
easy to understand why the possibility of cerebrovascular disease featured amongst
the pathogenic considerations in early descriptions of the disorder, such as those of
Guyotat and Courjon (1956) [7], Poser and Ziegler (1960) [8] and Halsey (1967)
[9]. Fisher and Adams noted in their monograph on TGA that “[t]he possibility that
such an episode might have been the first evidence of an approaching stroke ... was
responsible for our seeing so many of these patients” ([10], p.46). Clinicians unfa-
miliar with TGA may still consider stroke or transient ischaemic attack (TIA) as
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Table 3.3: Comparison of typical features of transient global amnesia (TGA), transient epileptic
amnesia (TEA), transient ischaemic attack (TIA) and transient psychological amnesia (TPA)
(adapted from [6])

Clinical feature TGA TEA TIA TPA
Anterograde amnesia Yes Yes Yes No
during attack
Focal neurological No No Yes No
deficits
Aura, automatisms No Yes No No
Symptom duration <24h Usually <l h | <24 h | Variable
Recurrence rate Low High Varied | Varied
Triggers Emotional stress or Can occuron | No Emotional
physical exertion waking stress
Responds to antiepileptic | No Yes No No
drugs
EEG abnormalities during | No Yes No No
attack

foremost amongst the possible causes [4], justifiably since stroke was the most
important differential diagnosis of in a recent large series of suspected TGA cases
(6.6%) [11].

On occasion, TGA has been associated with various cerebrovascular events,
including infarction and haemorrhage, both arterial and venous, TIA and other con-
ditions affecting the vasculature. Some of these reports have involved memory elo-
quent brain substrates (medial temporal lobe, thalamus, fornix, corpus callosum,
hippocampus), elements within the circuit described by Papez [12], and hence plau-
sible as causes of memory disorder. However, caveats apply before a causal relation
between these cerebrovascular disorders and TGA may be accepted. For example
(as previously mentioned, see Sect. 2.2.1), many of these cases were reported prior
to the definition of widely accepted diagnostic criteria for TGA, and the presence of
possible confounding factors may sometimes be identified. Cases of posterior circu-
lation stroke or TIA and of TGA may be elided in some reports. For example, at
least one of Lou’s (1968) patients with “repeated TGA” probably had ischaemic
events (3 episodes causing a persistent memory deficit which gradually improved,
along with a right upper quadrantanopia and right limb paraesthesia) [13]. Likewise,
de Tribolet et al. [14] reported six cases of cortical blindness and amnesia, which
were likely to be due to stroke, but also two cases of transient “Korsakoff’s syn-
drome”, more likely to have been examples of TGA. Posterior cerebral artery occlu-
sion is a recognised cause of amnesia (e.g. [15]), and transient amnesia has been
reported on occasion to herald brainstem infarction (e.g. [16, 17]). A TGA-like syn-
drome (“TGA plus”) has been reported in pure hippocampal stroke with additional
aphasia [18] and in corpus callosum infarction [19], although the nosological posi-
tion of “TGA-like syndrome” is questionable (Sect. 2.2.2). These entities might be
better labelled “amnesic stroke”. Certainly amnesia, both persistent and transient,
can be a result of strategic infarcts (e.g. [20, 21]).
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With the advent of magnetic resonance (MR) brain imaging, the frequent obser-
vation of focal punctate areas of high signal change in the hippocampus on diffusion-
weighted imaging MR sequences (MR-DWI) has been interpreted as evidence of
cerebral ischaemia, albeit not typical of infarction (see Sect. 5.1.2, especially Sect.
5.1.2.6 for a discussion of the pathogenesis of these imaging changes).

3.1.1 Transient Ischaemic Attack (TIA)

Arguments against TGA being a form of TIA include both clinical and epidemio-
logical considerations. TIAs are usually accompanied by focal neurological signs
(e.g. hemiparesis, amaurosis fugax) which are absent from TGA (by definition,
according to the 1990 diagnostic criteria of Hodges and Warlow [22]; see Sect. 2.2.2
and Table 2.1). Furthermore, episodes of TGA are usually isolated, whereas recur-
rence rates are much higher in TIA (Table 3.3), sometimes with progression to
established stroke, which is not seen in TGA. Comparison of vascular risk factors in
patients with TGA and TIA has generally found a significantly greater prevalence in
the latter group, with the risk factor profile in TGA patients resembling that of nor-
mal controls (see Sect. 7.11 for extended discussion).

Chen et al. [23] described a patient (M76) with “a spell of TGA” followed by
several episodes of amaurosis fugax (ocular TIA) who was found on investigation
to have progressive occlusion of the right common carotid artery. The concurrence
of events was taken to imply a vascular aetiology for TGA.

3.1.2 Stroke: Cerebral Infarction

Occasional cases with the typical clinical phenotype of TGA and with computed
tomography (CT) changes indicative of established ischaemic stroke were reported
when this neuroimaging modality first became widely available (e.g. [24-26]).

With the advent of higher resolution magnetic resonance imaging (MRI), further
cases were identified. A narrative review [27] (Table 3.4) found descriptions of TGA
in association with infarction in various locations, including the medial temporal
lobe [28-32], hippocampus [18, 31, 33—40], fornix [41, 42], thalamus [43—45], cin-
gulate gyrus or bundle [46—48], striatum (caudate and putamen) [49-53], corpus
callosum [19, 54] and frontal lobe [39, 55]. Thus, these strokes involved memory
eloquent brain structures, linked through Papez circuit [12], in many cases, as well
as frontal lobe structures involved in the organisation and monitoring of memory
processes, but with an absence of significant hemisphere strokes. This localisation
suggests that stroke-related TGA might be regarded as a (rare) symptomatic (or
secondary) form of TGA. Possible pathogenic reasons for the occasional concur-
rence of ischaemic stroke and TGA are considered later (Sect. 9.2.1). Suffice it to
say here that the phenotype of TGA may occur on rare occasions in association with
established stroke on neuroimaging.
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Table 3.4: Reports of MR-confirmed

phenotype of TGA
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acute infarction or stroke associated with the clinical

Location

Reference

Demographic and
other clinical features

MR imaging findings

Temporal lobe

Greer et al. (2001) | F77 Left mesial temporal lobe
[28] ischaemic infarct
Lopez-Pesquera | F49 Tiny ischaemic stroke in white

et al. (2005) [29]

matter of left temporal lobe

Graff-Radford
et al. (2013) [30]

F56; following
coiling of small
posterior circulation
cerebral aneurysm

Small medial temporal lobe
strokes

Duan et al. (2016) | M72; coronary Acute infarction in left

[31] angiography hippocampus and temporal lobe
Ramanathan & F48 history of Bilateral medial temporal lobe
Wachsman (2021) | hypertension, infarcts

[32] (n=2) COVID-19 +ve Small R temporal lobe infarct

F71 history of
hypertension,
COVID-19 +ve

Hippocampus

Adler et al. (2012)
[33]

F65

Subtle ischaemic region in the
right hippocampus compatible
with acute infarct

Carota et al.
(2012) [18]

R41; “TGA plus”
(anomic pauses,
“amnesic aphasia”);
patent foramen ovale

Acute infarct, dorsal part of left
hippocampal body

Gungor-Tuncer

F62; history of

Left pons (7h); left hippocampal

etal. (2012) [34] | migraine and right frontal areas (36h)
and (2015) [35]

(case 2)

Li and Hu (2013) | M61 Bilateral hippocampal lesions,
[36] acute ischaemia

Gungor-Tuncer
et al. (2015) [35]
(case 1)

F56; history of
migraine

Two punctate acute infarcts in
the left hippocampus

Duan et al. (2016)

M73; cerebral

Acute infarction in left

[31] (n=2) angiography, hippocampus
vertebral artery Acute infarction in left
angioplasty hippocampus and temporal lobe
M72; coronary
angiography
Naldi et al. (2017) | F82 Right posterior hippocampal
[37] stroke
Yunetal. (2017) | M68 Bilateral hippocampal lesions

[38]

(continued)
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Table 3.4: (continued)

3 Differential Diagnosis of TGA

Demographic and

Location Reference other clinical features | MR imaging findings
Kang et al. (2021) | M54 Right frontal and hippocampus
[39] strokes
Sakihara et al. F35; septic embolus | Right hippocampus
(2021) [40] from infective
endocarditis
Fornix
Gupta et al. F66; paroxysmal Body and left column of fornix
(2015) [41] atrial fibrillation infarction
Meyer (2016) [42] | N/A Left fornix infarction
Thalamus
Pradalier et al. F54; history of Right anteroinferior thalamic
(2000) [43] migraine without aura | ischaemic lesion
Giannantoni et al. | F69 Thalamic ischaemic lesion
(2015) [44]
Dogan et al. Fo65 Left thalamus and left
(2017) [45] paramedian mesencephalon
infarcts
Cingulate gyrus
Gallardo-Tur et al. | M62; two TGA Acute ischaemic stroke of small
(2014) [46] episodes size (15 mm maximal diameter)
at right cingulate gyrus
Chau and Liu F60 Left cingulate gyrus
(2019) [47]
Meng et al. (2021) | F89; history of L retrosplenial infarct (cingulate
[48] hypertension bundle and retrosplenial cortex)
Striatum
(caudate,
putamen)
Ravindran et al. Ms6 Acute ischaemia in the body of
(2004) [49] right caudate nucleus
Kim et al. (2012) | F63 L putamen acute microinfarct
[50]
Koltermann et al. | M50 Acute ischaemic lacunar
(2015) [51] infarction, head of caudate
nucleus
Yoshida (2017) F67 Lacunar infarction of the left
[52] putamen

Tarazona et al.
(2021) [53]

F89; history of
migraine

R lenticular nucleus (outermost
putamen)

Corpus callosum

Saito et al. (2003)
[54]

M58

Small lesion of high signal
intensity in the left
retrosplenium of the corpus
callosum

(continued)
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Table 3.4: (continued)

Demographic and

Location Reference other clinical features | MR imaging findings
Beyrouti et al. M62 Infarction of genu and body of
(2016) [19] corpus callosum

Frontal lobe
Kim et al. (2018) | No details 1. Left orbitofrontal.
[55] (n=3) 2. Left prefrontal.

3. Right frontal and left parietal.

Kang et al. (2021) | M54 Right frontal and hippocampus
[39] strokes

Table 3.5: Reports of cerebral haemorrhage or haematoma associated with the clinical
phenotype of TGA

Location Reference(s)
Haemorrhage
Left temporal haemorrhage Landi et al. 1982 [60]
Subarachnoid haemorrhage Sandyk 1984 [63]
Monzani et al. 2000 [61]
Left frontal haemorrhage Jacome and Yanez 1988 [59]
Haemorrhage into a tumour Sorenson et al. 1995 [64]
Honma and Nagao 1996 [58]
Cingulate gyrus haemorrhage Yoon et al. 2006 [65]
Haematoma
Intraventricular haematoma Heon et al. 1972 [57]
Subdural haematoma Chatham and Brillman 1985 [56]
Left thalamic haematoma Moonis et al. 1988 [62]

3.1.3 Stroke: Cerebral Haemorrhage

Intracranial haemorrhage (intracerebral, subdural or subarachnoid) may potentially
be confused with TGA by virtue of its acute onset, but amnesia is seldom a promi-
nent feature, and there is often impairment of consciousness. Intracranial haemor-
rhage or haematoma has on occasion been reported in association with TGA [56-65]
(see Table 3.5), but the exact diagnostic status of such cases is uncertain, possibili-
ties including misdiagnosis of TGA or chance concurrence.

3.1.4 Cerebral Vasculopathies

TGA has been reported on occasion with a variety of other disorders affecting the
cerebral vasculature.

An amnesic syndrome following anterior communicating artery rupture and/or
surgery is well recognised, but only one account of cerebral aneurysm associated



36 3 Differential Diagnosis of TGA

with transient amnesia resembling TGA has been found. The event was apparently
triggered by a coiling procedure in the posterior circulation, with evidence of medial
temporal lobe strokes found on diffusion-weighted MR imaging [30].

Intracranial dural arteriovenous fistula (dAVF) may sometimes present with cog-
nitive deficits suggestive of a dementia syndrome (e.g. [66]), sometimes rapidly
progressing [67]. However, only two definite reports of TGA with dAVF have been
identified [68, 69], one with recurrent events [68]. The patient reported by Heine
et al. [70] might be another example (see [71], p.189).

Occasional cases of TGA have been reported in association with the reversible
cerebral vasoconstriction syndrome (RCVS), a condition typically characterised by
severe headaches, including thunderclap headache, and reversible segmental cere-
bral artery vasoconstriction which may be complicated by ischaemic or haemor-
rhagic stroke [72-74]. Like migraine (Sect. 3.4.1 and Sect. 7.9) and primary
headache associated with sexual activity (Sect. 8.4), headache in this context may
be a consequence of activation of the trigeminocervical complex. The posterior
reversible encephalopathy syndrome (PRES) may be related to RCVS, sharing
some features and risk factors. PRES is typically characterised by headache, visual
field and motor deficits, confusion, impaired consciousness and seizures, again with
ischaemic or haemorrhagic lesions. TGA has on occasion been described in associa-
tion with PRES [75, 76].

Other disorders sometimes associated with vasculopathy that have on occasion
been reported in association with TGA include Sneddon syndrome [77], sclero-
derma [78] and cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL) [79].

Thrombotic tendencies might be relevant to TGA pathogenesis, secondary to
cerebral venous outflow obstruction, as, for example, in antiphospholipid antibody
syndrome in which TGA has occasionally been reported ([80, 81]; possibly [82]).
However, venous thrombosis of cerebral [83, 84] or cervical (jugular) veins [85] has
rarely been reported in association with TGA (see Sect. 9.2.2 for discussion of
venous outflow obstruction as a possible aetiological factor in some cases of TGA).

3.1.5 Cerebral Angiography

One of the earliest possible reports of TGA (see Sect. 1.2) related to catheter angi-
ography of the vertebral artery [86]. Further instances of angiography-related mem-
ory disturbance, some of which may be cases of TGA, have been reported (Table 3.6),
involving procedures visualising both cerebral (carotid or vertebral) and coronary
arterial vasculature (but apparently not peripheral limb vasculature [31]). One case
related to renal artery angiography has been reported [124]. The procedural use of
benzodiazepines (Sect. 3.4.2) may be a confounding factor in some of these reports.

The mechanism(s) by which angiography might trigger TGA remain(s) uncer-
tain. Suggestions have included arterial spasm and the injection of contrast material
(both ionic and non-ionic). Neuroradiological evidence of ischaemia, in the form of
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Table 3.6: Reports of angiography and dissection associated with the clinical phenotype of TGA

References

Angiography Cerebral Hauge (1954) (n = 3) [86]

Deak and Toth (1964) [87]
Whishart 1971 [88]

de Tribolet et al. (1975) [14]

Wales and Nov (1981) (n = 2) [89]
Cochran et al. (1982) (n =7) [90]
Haas (1983) [91]

Pexman and Coates (1983) (n = 12) [92]
Giang and Kido (1989) (n =2) [93]
Minuk et al. (1990) [94]

Juni et al. (1992) [95]

Brady et al. (1993) [96]
Schamschula and Soo (1994) (n = 2) [97]
Jackson et al. (1995) (n = 6) [98]
Meder et al. (1997) [99]
Woolfenden et al. (1997) [100]
Kapur et al. (1998) [101]

Tanabe et al. (1999) [102]

Kim et al. (2006) [103]
Foss-Skiftesvik et al. (2015) [104]
Duan et al. (2016) (n=15) [31]

Tiu et al. (2016) [105]

Lee (2020) [106]

Coronary Fischer-Williams et al. (1970) [107]
Shuttleworth and Wise (1973) (n = 2) [108]
Lockwood et al. (1983) [109]
Koehler et al. (1986) [110]

Yildiz et al (2003) [111]

Kurokawa et al. (2004) (n =2) [112]
Fernandez et al. (2005) [113]

Wong et al. 2005 [114]

Udyavar et al. (2006) [115]

Duan et al. (2016) (n=4) [31]
Dissection Aorta Rosenberg (1979) [116]

Gaul et al. (2004) [117]

Mondon et al. (2007) [118]

Irioka et al. (2009) [119]

Colotto et al. (2011) [120]
Kaveeshvar et al. (2015) [121]
Vertebral artery Michel et al. (2004) [122]

Yokota et al. (2015) [123]

small acute infarctions in the hippocampus, has been documented in some cases
(e.g. [31]). Angiography-related TGA might also conceivably be related to inadver-
tent, iatrogenic, arterial dissection at the time of the procedure, predisposing to
embolisation. Similar explanations might pertain in a case following carotid artery
stenting followed by carotid angiography [106]). TGA has also been reported after
vertebral artery angioplasty and stenting [103].
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TGA has been described with arterial dissections, of either the aorta or the verte-
bral artery (Table 3.6). However, no reports of TGA in fibromuscular dysplasia, a
disorder associated with arterial dissection, have been identified.

Another pathogenic possibility relates to migraine (Sect. 3.4.1 and 7.9): cer-
tainly, migrainous phenomena may on occasion be triggered by angiographic pro-
cedures (e.g. [125]), and this may have played a role in the angiography-related case
of Fernandez et al. [113].

3.1.6 Cardiac Disorders

In addition to episodes related to coronary angiography (see Sect. 3.1.5; Table 3.6),
TGA has also been reported on occasion in association with a variety of coronary
syndromes including acute myocardial infarction [126—-129], cardiac arrhythmia
[130] and cyanotic heart disease [131]; mitral valve prolapse has also been men-
tioned [132]. However, the paucity of reports suggests that these might be simply
examples of chance concurrence, unrelated to the cardiac event or disorder, although
cerebral hypoperfusion or embolism might occur in these situations and be a pre-
cipitating factor for TGA.

A cardiac condition that might be pathogenically relevant to TGA is Takotsubo
cardiomyopathy, or the “broken-heart syndrome”, concurrence with which has been
reported on several occasions (e.g. [133—142]). Petrea et al. speculated that the cat-
echolamine surge associated with myocardial stunning in Takotsubo cardiomyopa-
thy might also be associated with “cortical stunning” and hence that these conditions
might have a shared pathogenesis [137]. Of possible interest, in a review of over
1100 reports of Takotsubo cardiomyopathy, emotional and physical stressors pre-
ceded the syndrome in 39% and 35% of patients, respectively [143]; these are also
significant recognised precipitating factors for TGA (see Sect. 8.1 and 8.2). Hence,
the two conditions may have a shared pathogenesis, leading some to characterise
TGA as “the cerebral Takotsubo” [144]. Myocardial injury, assessed by means of
highly sensitive assays for cardiac troponin, was found in 28 of a series of 113 TGA
patients [145]. It might be of interest to investigate whether the unique signature of
microRNAs which has been reported to distinguish Takotsubo cardiomyopathy
from acute myocardial infarction [146] is also seen in TGA.

Klbtzsch et al. [147] reported an increased frequency of patent foramen ovale
(PFO) in patients with TGA but this finding has not, to my knowledge, been repli-
cated. PFO may be associated with paradoxical embolism, which might conceiv-
ably be of relevance to TGA pathogenesis. TGA occurring immediately after
right-left shunt of saline contrast during transoesophageal echocardiography has
been reported [148]. Maalikjy Akkawi et al. [149] examined TGA, TIA and control
patients for evidence of PFO with contrast transcranial duplex sonography but
found no difference between the three groups. Noh and Kang reported that TGA
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patients with PFO had fewer vascular risk factors than those without PFO and sug-
gested that paradoxical embolus might be a cause of TGA in these patients [150].
PFO is certainly associated with an increased risk of decompression sickness in
divers. TGA has been reported in divers and ascribed to breathing hyperoxic mix-
tures, but no data on PFO were presented [151]. Cold water immersion (see Sect.
8.3) might also be relevant to diving-related TGA cases. In the light of the putative
link between TGA and migraine (Sect. 7.9), the observation that PFO is probably
more prevalent in patients with migraine might be significant, although whether the
relationship between migraine and PFO is causal or coincident remains unclear [152].

3.2 Epilepsy

The sudden onset of neurological dysfunction in TGA has suggested to some
authors the possibility of an epileptic aetiology. Fisher and Adams ([10], p.46) cer-
tainly considered it as a cause, and the possibility has recurred from time to time
(e.g. [153-157]) and may still be questioned by some clinicians who are not familiar
with TGA [4]. Certainly, Miller Fisher [158], a clinician with a deep knowledge of
cerebrovascular disease [159-162], continued to argue that TGA was a form of
seizure affecting the hippocampal-diencephalic system.

3.2.1 Transient Epileptic Amnesia (TEA)

Probably, the earliest account of attacks of transient amnesia of epileptic origin was
by John Hughlings Jackson (1835-1911) in his 1888 report of his physician patient
known as “Dr Z” [163]. However, although occasional cases of epileptic amnesia
have subsequently been reported (e.g. [164—169]), it was not until the 1990s that the
syndrome of transient epileptic amnesia (TEA) was more fully characterised by
Kapur [170] and by Zeman et al. [171] and systematic studies and reviews subse-
quently undertaken (e.g. [172—180]). Diagnostic criteria for TEA have been sug-
gested ([171] and [180], p.143) (Table 3.7; compare with Table 2.1).

Transient epileptic amnesia (TEA) is a distinctive epilepsy syndrome (Table 3.3),
characterised by brief amnesic episodes, usually lasting 1 hour or less in duration,
and often occurring on waking from sleep (Case Study 3.1). Attacks may be accom-
panied by other features suggestive of epilepsy such as automatisms or olfactory
hallucinations. Hence, it may be worth asking patients who complain of autobio-
graphical amnesia whether or not they also have automatisms or olfactory halluci-
nations as possible pointers to an epileptic aetiology. There is a high recurrence rate
for episodes of TEA, contrary to the observations in TGA (Sect. 2.1.5).
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Table 3.7: Diagnostic criteria for TEA (based on [171] and [180], p.143)

Recurrent witnessed episodes of transient amnesia.
Other cognitive functions intact.

Evidence of epilepsy:

(a) Other clinical features of epilepsy.

(b) Response to anticonvulsant medication.

(c) Epileptiform abnormalities on EEG.

Case Study 3.1: Transient Epileptic Amnesia (TEA)

A 43-year-old man and his wife reported episodes over 1 year in which he
could not remember things on waking in the mornings, accompanied by a
blank facial expression. There was also a history of accelerated forgetting of
events which had occurred a couple of weeks earlier, such that he could not
recall a recent holiday or conversations. The history was thought to be typical
for the diagnosis of transient epileptic amnesia (TEA). The patient was unim-
paired on cognitive screening instruments (Addenbrooke’s Cognitive
Examination-Revised score = 100/100). MR brain imaging, standard and
sleep-deprived EEG were all within normal limits. Initiation of antiepileptic
drug therapy (carbamazepine) was followed by a remission of episodes over a
2-year period of follow-up.

Many TEA patients also report interictal memory problems, characterised as
accelerated long-term forgetting and autobiographical amnesia; the latter may be
prominent [181, 182]. An accelerated loss of new information and impaired remote
autobiographical memory has been demonstrated in TEA patients, but the aetiology
of these deficits remains uncertain, possibilities including ongoing seizure activity,
seizure-induced medial temporal lobe damage or subtle ischaemic pathology [182].
Accelerated forgetting has also been described in medial temporal lobe epilepsy
[183]. Symptoms of emotional lability, in particular pathological tearfulness or
labile crying in response to relatively minor stimuli, has also been reported in the
context of TEA [173, 184].

The syndrome of “isolated autobiographical amnesia” [185] may be related to
TEA. Likewise, some patients who have been reported with the syndrome of focal
(isolated) retrograde amnesia [186] (Sect. 3.3) may have an underlying epileptic
disorder, possibly related to other brain insults such as encephalitis or alcohol mis-
use ([187, 188]; see also discussion in [189]).

Electroencephalography (EEG) in TEA may be associated with clear-cut seizure
activity during amnesic episodes. Abnormalities may be found in interictal EEG
recordings in about one-third of TEA patients, although sometimes sleep-deprived
EEG may be required. Magnetic resonance brain imaging may show hippocampal
atrophy [190] or amygdala enlargement [191-193] (Case Study 3.2).
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Management of TEA may require antiepileptic drug therapy. TEA generally
responds favourably to standard antiepileptic medications such as sodium valproate,
carbamazepine, lamotrigine or levetiracetam. Advice on appropriate lifestyle modi-
fications, including reference to statutory restrictions on driving, is also an integral
aspect of management.

TEA is an infrequent condition. Over the 20-year period 2002-2021 inclusive,
the author has encountered only six definite cases (e.g. Case Studies 3.1 and 3.2;
[192, 194]), all male, as compared to the predominance of females in cases of TGA
(n = 50) seen over the same period (F:M = 29:21; Figure 7.2). In addition, one fur-
ther possible case has been seen, in which the episodes were initially diagnosed by
another consultant neurologist as parasomnias. These episodes on waking occurred
at approximately the same age at onset as a more pervasive memory problem which
evolved into Alzheimer’s disease (AD) [195]. Epileptic seizures in AD may take a
number of forms and become more frequent with disease duration although they
may occur at onset of cognitive decline [196], so this concurrence might possibly
reflect shared pathogenic processes involving synaptic network pathology in the
medial temporal lobes [197-200]. TEA has also been suggested as a cause of wan-
dering behaviours observed in AD patients [201].

TEA is usually idiopathic but may sometimes be secondary or symptomatic.
Cases associated with medial temporal lobe mass lesions are described, some of
which have also manifested episodes more typical of TGA, e.g. of longer duration,
and following physical exertion [191, 192, 194, 202], prompting the suggestion that
all cases of TGA associated with focal medial temporal lobe tumours are in fact
TEA masquerading as TGA [194]. TEA may also on occasion be associated with
neurodegenerative disease, such as AD [195, 201]. TEA has also been described as
the presenting feature of autoimmune limbic encephalitis in association with vari-
ous autoantibodies, including NMDAR [203], CASPR2 [204] and GABAg [205].

Whereas a family history of TGA may sometimes be uncovered (Sect. 7.8), I am
aware of only two reports of a possible family history of TEA, one affecting three
siblings [206], the other in a 20-year-old man, his mother and grandmother [207].

TEA enters the differential diagnosis of TGA, which it may resemble, but from
which it usually differs in a number of respects, including the timing and frequency
of attacks (Table 3.3). The key points of differentiation are that TEA attacks are
generally briefer in duration and have a higher recurrence rate than TGA. As a rule
of thumb, a cut-off of about 2 hours has been used to differentiate TEA from TGA,
but some caution is needed as brief (<1 h) episodes of TGA are recognised [208].
There may also be an impression that the anterograde amnesia is denser in TGA
than in TEA, patients with the latter condition having partial recall.

The “absence of epileptic features” is one of the proposed diagnostic criteria for
TGA [22], although EEG is seldom performed during an episode of TGA, other
than fortuitously, and is normal (e.g. [209]; Sect. 4.2.1 and 4.2.2).
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3.2.2 TGA and TEA: Is there an Interrelation?

The distinction between TGA and TEA is not always as clear cut as might be
implied by presentations such as Table 3.3. For example, some patients reported in
the literature as having “TGA” may, in retrospect, have in fact had TEA, e.g. Greene
and Bennett’s patient who had amnesia on awakening and EEG abnormality [210],
although Daniel ([71], p.63) seems to accept this as a case of TGA. In the Oxford
TGA study, an unexpected finding was that 8 of 114 patients with apparent TGA
(7%) subsequently developed epilepsy, usually of complex partial type, prompting
the view that the original attacks were in fact due to seizures ([5],
p-41,46-7,56,121,123,124-5,137). In a series of 64 TGA patients reported by
Zorzon et al., three were eventually considered to have an epileptic aetiology [211].

Aside from diagnostic confusion, it is possible that there may be an interrelation-
ship between TGA and TEA. Occasional patients have been reported with episodes
resembling both TGA and TEA, the latter following the former, with associated
medial lobe structural abnormalities on MR imaging (e.g. [191, 192, 194, 202, 212,
213]; Case Study 3.2). These cases raise the possibility that TEA and TGA are not
mutually exclusive conditions but may in some instances be interrelated. In the light
of the known vulnerability of hippocampal CA1 neurones to transient ischaemia
(e.g. [214]) with subsequent apoptosis, perhaps TGA episodes, particularly if recur-
rent, might damage the hippocampus ([215, 216]; see Sect. 5.1.2 and 5.2.1) in such
a way (ischaemic scarring) that the threshold for epileptic attacks is subsequently
reduced (Case Study 3.2). Hence, rather than epilepsy being simply mistaken for
TGA ([5], p.56), it might be that some of these cases represent an evolution from
episodes of TGA to epilepsy.

Case Study 3.2: A relationship between TGA and TEA

A 66-year-old man reported four episodes of transient amnesia over a 6-month
period. Each episode occurred within hours of strenuous physical exercise. In
the first, he returned home from a bicycle ride confused about the route he had
taken. The second event occurred following a walk up a steep incline. The
third event occurred the day after a strenuous bicycle ride when the patient
awoke in the morning confused as to where he was and what the plan for the
day was. This confusion recurred the same day following a post-prandial nap.
All the events were witnessed by the patient’s wife who noted repetitive ques-
tioning to be a feature in each. All lasted between 30 min and 2 h with com-
plete recovery. No other accompanying focal neurological symptoms were
noted during the attacks.

At initial neurological assessment, neurological examination and cognitive
screening were normal. The first two events were thought to be typical of
exercise-related TGA, whereas the latter two had clinical features more sug-
gestive of TEA, particularly the relationship to waking from sleep.
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On further follow-up, more events occurred, exclusively related to waking
from sleep. Standard electroencephalogram (EEG) was within normal limits,
but sleep-deprived EEG showed excess slow waves over the right temporal
region and one prolonged run of slow waves followed by brief high amplitude
sharp wave bursts. Magnetic resonance (MR) brain imaging showed subtle
but unequivocal enlargement of the right amygdala with normal diffusion-
weighted imaging and no disruption of limbic white matter tracts or adjacent
temporal fibre bundles. The patient was treated with levetiracetam (500 mg bd).

Clinical and neuroradiological follow-up of this patient now extends to 8
years. There has been complete cessation of all amnesic events since prescrip-
tion of levetiracetam, with no dosage increase required. The patient has noted
blank areas in his memory for distant significant personal events, suggestive
of autobiographical amnesia, but cognitive screening has remained normal.
MR brain imaging, initially performed annually, showed no change in the
amygdala enlargement, but between year 6 and year 8 the appearances
reverted to normal.

Although it is possible that all the events were epileptic in origin, another
possibility is that initial attacks of TGA left residual hippocampal damage
resulting in seizure activity or lowered seizure threshold [192, 194].

3.3 Transient Psychological Amnesia (TPA)

Transient amnesia of psychological origin (TPA) enters the differential diagnosis of
TGA (Table 3.3). TPA has variously been designated, for example, as hysterical
amnesia, fugue state, psychogenic amnesia, functional amnesia, focal retrograde
amnesia and dissociative amnesia [186, 217-220].

Once thought to be common, the number of reported cases appears to have
declined since the 1950s, at roughly the same time as TGA was becoming recog-
nised as a clinical entity. It has been speculated that earlier cases of TGA might have
been “immersed in the literature on psychogenic amnesia” ([5], p.4; but see also
[221]). The largest reported patient series of TPA in recent times included 53
patients seen over a period of nearly 20 years [217].

TPA may be differentiated from TGA on a number of grounds (Table 3.3) [222].
Attacks tend to be longer, lasting from days to months or even years. The patient’s
loss of personal identity is a clear differentiating factor of TPA from TGA [217].
Functional amnesias are typically retrograde in nature, with relatively sparing of
anterograde memory, hence a reversal of the typical (Ribot) gradient seen in other
forms of amnesia, persistent and transient, including TGA [217, 223]. Patients may
be far from their home, with no clear history of how they got there (fugue state),
sometimes resulting in media coverage to try to identify the individual.
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The behavioural disturbances sometimes seen in TGA (Sect. 2.1.2) are generally
not a feature of TPA, wherein patients are often not obviously distressed by their
amnesia. This may be because they are apparently able to learn new information,
despite the dense retrograde amnesia. TPA patients also tend to be younger than
patients with TGA.

Once available, there is often a previous history of mood disorder such as depres-
sion, and often a clear stressful precipitating event such as relationship or financial
problems, and minor head injury. Failure to recognise family members, once
located, is common. Spontaneous recovery of memory may occur after a variable
time period, with the prognosis for fugue states particularly favourable [217].

The portrayal of characters with amnesia in motion pictures almost invariably
features loss of personal identity [224, 225], as seen in TPA, no doubt for dra-
matic effect.

3.4 Other Symptomatic Causes of Transient Amnesia

Transient amnesia may result from a variety of other conditions and causes
(Table 3.2).

3.4.1 Migraine

The possible pathogenic relationship between TGA and migraine is considered in
more detail later (Sect. 7.9 and Sect. 9.3). Here, it is simply noted that, amongst the
many transient phenomena that may be encountered in the context of migraine
attacks, amnesia is sometimes prominent (Case Study 3.3).

Case Study 3.3: Migraine amnesia

A 27-year-old lady was referred to the clinic following a strange experience
whilst driving her car. During daylight hours, she set off on the familiar route
to her boyfriend’s house, part of which involved driving along a motorway.
She recollected joining the motorway, but then had no recollection until she
found herself six junctions and several miles further on, when she should have
turned off after only three junctions. At this point, she stopped to telephone
her boyfriend to explain what had happened and that she would be late. On
arrival, he noted that she looked shaken, complained of a headache and took
some analgesics, but on direct questioning there was no history of repetitive
questioning or loss of personal identity. The patient had a prior history of
migraine as a teenager, and headaches had recurred some 5 months earlier.
Subsequent neurological examination and structural brain imaging were nor-
mal. The provisional diagnosis of her “unconscious driving phenomenon”
was migraine (adapted from [226]).
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Moersch (1924) [227] was perhaps the first to emphasise amnestic dysfunction
occurring in migraine attacks. Comorbidity of TGA and migraine was noted in
some of the earliest reports of TGA (e.g. [8, 228-230]). Frank (1976) compared
amnesic episodes in migraine (“Migranedammerattacken”) with reports of TGA
and was of the view that they “seem to be identical” [231]. TGA occurring during a
migraine attack has been reported by many authors (e.g. [43, 113, 232, 233]. Many
of the familial examples of TGA have either migraine comorbidity, or the episodes
have occurred at the same time as a migraine (see Sect. 7.9 and Table 7.3). Some
authors consider TGA to be simply a form of migraine aura ([234], p.125-30,168).
TGA following mild head injury has been suggested to reflect “traumatic
migraine” [235].

A syndrome of “acute confusional migraine” is recognised in children [236]
which has been noted to have some features akin to TGA (e.g. [237-239]). Both
may be examples of what I have ventured to term “cognitive migraine” [240] (see
also discussion in [241]).

3.4.2 Adverse Drug Effect

A large number of pharmacological agents, used for both therapeutic and recre-
ational purposes, have on occasion been associated with episodes of transient amne-
sia with features considered to be akin to those of TGA (Table 3.8).

There are problems with many of these reports. Many predate diagnostic criteria
for TGA (e.g. [130, 268]), and/or present atypical clinical features, sometimes
denoted as “TGA-like” episodes (e.g. [251, 269]). For example, reports of an asso-
ciation of TGA with marijuana ingestion include an episode of long duration [251]
and a case involving a 6-year-old boy [252]. The description of some events labelled
as TGA is not particularly convincing [256]. In some instances, it is not clear
whether TGA or TEA is being described [257]. For example, a patient treated with
intrathecal baclofen for generalised dystonia had events which “met criteria for tran-
sient global amnesia, but were unusual because of their frequent recurrence” [243],
an observation that prompts concern about the possibility of an epileptic cause. In
this context, a case reported by Zeman et al. is of note: following therapeutic infu-
sion of baclofen, the patient developed short periods of global amnesia, accelerated
long-term forgetting and persistent autobiographical amnesia, all features seen in
TEA [270].

Some of the implicated medications, such as benzodiazepines [229, 246, 250,
268], are known to be associated with anterograde amnesia (e.g. [271, 272]). Indeed,
this association was the stimulus, at least in part, which prompted Merriam (1988)
to suggest that endogenous benzodiazepines might play a role in the pathogenesis
of TGA [222]. Danek et al. explored the role of the benzodiazepine antagonist flu-
mazenil in reversing TGA (n-of-1 trial), with inconclusive outcome [273].

Alcohol may also have been a confounding factor in some reports (e.g. [268]).
The reported association with clioquinol use [244, 245] was excluded from the
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Table 3.8: Reports of TGA occurring as an adverse drug effect (see text for caveats about some

of these reports)

Drug

Reference(s)

Alprostadil (intracavernosal injection)

Maffei et al. (2020) [242]

Baclofen (intrathecal)

Grande et al. (2008) [243]

Clioquinol Mumenthaler et al. (1979) [244]
Kaeser (1984) [245]

Diazepam Gilbert and Benson (1972) [229]
Mazzucchi et al. (1980) [246]

Digitalis Greenlee et al. (1975) [130]

Dimethylsulphoxide (DMSO)

Otrock et al. (2008) [247]

Ergots

Pradalier et al. (2000) [43]
Gil-Martinez and Galiano (2004) [248]

Heparin Teh et al. (2010) [249]
Lorazepam Mazzucchi et al. (1980) [246]
Sandyk (1985) [250]
Marijuana Stracciari et al. (1999) [251]
Shukla and Moore (2004) [252]
Mansour et al. (2014) [253]
Midazolam Otrock et al. (2008) [247]
Propafenone Jones et al. (1995) [254]
Rofecoxib Hirschfeld et al. (2007) [255]
Rosuvastatin Healy et al. (2009) [256]
Sibutramine Fu et al. (2010) [257]

Sildenafil (Viagra)

Savitz and Caplan (2002) [258]
Gandolfo et al. (2003) [259]
Shihman et al. (2006) [260]
Marques-Vilallonga et al. (2014) [261]
Finsterer (2019) [262]
Lin et al. (2020) [263]

Sumatriptan (Imigran)

Pradalier et al. (2000) [43]
Lee et al. (2021) [264]

Tadalafil Schiefer and Sparing (2005) [265]
Bardes et al. (2008) [266]
Machado et al. (2010) [267]
Triazolam Morris and Estes (1987) [268]
Zolpidem Tsai et al. (2009) [269]

review by Caplan [274] as more likely to reflect a toxic encephalopathy (see Sect.
3.5.1), a conclusion also reached by Hodges ([5], p.10), but other authors seem to
have accepted the association as causal ([275], p.84).

The use of opioid and non-opioid analgesia (hydromorphone, ketorolac) may
have been a confounding factor in one report of pain-related TGA, although no
signs of opioid intoxication were present [276].

The most frequent reports of drug-associated TGA relate to the use of phospho-
diesterase type 5 (PDE-5) inhibitors, sildenafil (Viagra) [258-263] and tadalafil
[265-267], used for the treatment of erectile dysfunction. Obviously, there is a
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possible confounding factor here, namely sexual activity which is a reported pre-
cipitating factor for TGA (see Sect. 8.4). TGA has also been reported in association
with the use of alprostadil (caverject) [242], a prostaglandin analogue administered
by intracavernosal injection for erectile dysfunction. The British National Formulary
(BNF) does not mention TGA as a side effect for PDE-5 inhibitors, although “mem-
ory loss” is listed amongst the “rare or very rare” side effects of tadalafil when used
for pulmonary arterial hypertension or erectile dysfunction (bnf.nice.org.uk/drug/
tadalafil. html#cautions; accessed 29/07/21).

Medications prescribed for migraine and associated with TGA might be inciden-
tal to migraine-related TGA attacks (Sect. 7.9). Such reports are extremely rare
despite the high population prevalence of migraine. Pradalier et al. reported a case
of TGA associated with the use of subcutaneous injection of sumatriptan and nasal
dihydroergotamine [43]. Gil-Martinez and Galiano reported two cases associated
with the use of ergotamine and dihydroergotamine, respectively [248]. Lee et al.
reported TGA and myocardial infarction (NSTEMI) in a patient given oral sumat-
riptan [264], but pain might also be a confounder here (Sect. 8.5). Werner and
Woehrle reported triptan overuse as comorbidity in one case in their series of TGA
patients [11].

In summary, at best these are anecdotal accounts of a temporal association
between drug use and TGA. Few reports include the typical magnetic resonance
imaging changes seen in TGA (e.g. [255, 263]). There are, perhaps unsurprisingly,
no rechallenge data attempting to corroborate a causal hypothesis. These accounts
may therefore simply represent the chance concurrence of unrelated factors.

3.4.3 Hypoglycaemia

Profound hypoglycaemia is a recognised cause of acute amnesia [1]. It has on occa-
sion been considered as a possible cause of TGA [228].

Relatively, few cases of amnesia related to hypoglycaemia in the context of dia-
betes mellitus and with longitudinal neuropsychological data have been reported
(e.g. [277]). Some have evidence of hippocampal lesions on MR brain imaging
[278], but these are confluent high signal changes on T2-weighted imaging which
are unlike the punctate changes on MR-DWI seen in TGA. A patient seen by the
author showed a focal deficit selective for anterograde memory and learning after
acute severe hypoglycaemia, which gradually, though incompletely, reversed over a
few months, prompting speculation about hippocampal vulnerability to the effects
of neuroglycopaenia ([3], p.248 and [279]). Followed up more than 10 years later,
the patient had developed an amnesic dementia, with evidence suggesting particular
decline over a period of eight months during which he suffered multiple episodes of
hypoglycaemia, followed by relative stability of cognition with improvement in gly-
caemic control. MR brain imaging showed global atrophy including the medial tem-
poral lobes but little in the way of small vessel ischaemic change [280]. There were
similarities with the patient reported by Kirchhoff et al. [281] who had multiple
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hypoglycaemic episodes over many years and whose neuropsychological assess-
ment showed anterograde amnesia; volumetric MR brain imaging showed atrophic
change including loss of subcortical grey matter volume involving the
hippocampus.

3.4.4 Traumatic Brain (Closed Head) Injury

Patients suffering a traumatic brain injury may present with confusion and memory
loss after the injury. The duration of post-traumatic amnesia (PTA) is a marker of
head injury severity and is also related to prognosis.

TGA is differentiated from the transient PTA which may follow mild traumatic
brain injury (mTBI) secondary to closed head injury by the absence of head injury
and the preservation of consciousness. The Hodges and Warlow TGA diagnostic
criteria [22] (Table 2.1) list “recent head injury” as an exclusion criterion although
“recent” is undefined. Hence, with the availability of a reliable eye-witness account
from a capable observer who was present for most of the attack (an inclusion crite-
rion for TGA [22]), there is usually no diagnostic or differential diagnostic issue.

However, in the absence of reliable collateral history, there may be difficulty dif-
ferentiating PTA and TGA if there are no obvious stigmata of injury, since there is
clinical overlap between these transient forms of amnesia. For example, a case of
amnesia following mild head injury reported as early as 1835 by Koempfen [282],
and cited by Ribot in his classic text on Disorders of Memory [283], may have given
rise to the mistaken belief that the latter described TGA in the nineteenth century
[284]. Miller Fisher’s 1966 account of “concussion amnesia” also illustrates a dis-
sociation between amnesia and impaired consciousness, with transient mnestic fea-
tures akin to TGA (dense anterograde amnesia, retrograde amnesia, recovery within
hours with a persistent memory gap) [285]. Although deficits of anterograde mem-
ory are documented in PTA, the repetitive questioning and behavioural changes in
TGA are not seen, and there may be additional deficits in attentional and executive
functions [286, 287]. Transient psychological amnesia (Sect. 3.3) must also enter
the differential diagnosis of transient amnesia following a mild head injury [217].

Although cases of TGA triggered by mild head injury (e.g. [230, 235, 288-290])
and “post-traumatic” transient global amnesia have been reported [291], this may
have been incidental, since mild head injury is not uncommon. All these reports
predate Hodges and Warlow’s criteria [22]. Some have atypical features, such as
childhood onset (between age 6.5 and 14.5 years [290], or late teenage onset [288]).
Nevertheless, Evans stated that “Rare sequelae of seemingly mild head injury
include ... TGA” ([292], p.594) and “Mild head injury can rarely trigger TGA,
which in children may actually be confusional migraine” ([292], p.597; see Sect.
3.4.1). However, in the context of head injury, the Hodges and Warlow criteria ren-
der the term “post-traumatic TGA” [291] an oxymoron.
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One apparent exception is the case reported by Venneri et al. [293] in which the
clinical and neuropsychological profile was said to be indistinguishable from TGA,
albeit the patient’s age (27 years) was atypical. Furthermore, the characteristic,
although not specific, abnormality seen on diffusion-weighted magnetic resonance
imaging in TGA, namely hyperintense lesion(s) in the hippocampal CA1 region,
has also been observed in PTA [294].

3.4.5 Alcohol-Induced Amnesia; Korsakoff Syndrome

Acute alcohol intoxication may be associated with amnesia for events occurring
during the period of inebriation, indeed currently this may possibly be the most
common cause of transient amnesia, perhaps especially in young people. Islands of
preserved memory may be reported, hence the description of this amnesia as of
“fragmentary” type. Typically, there is no description of anterograde amnesia or
repetitive questioning, so the differential diagnosis from TGA is seldom challeng-
ing. Confounding factors (recreational drug use, hypoglycaemia, head injury) may
also contribute. Longer, “en bloc”, alcoholic blackouts lasting days have also been
described.

Korsakoff syndrome, associated with thiamine deficiency, which is often but not
invariably a consequence of alcohol misuse [295, 296], may be associated with a
chronic cognitive syndrome in which dense and persistent anterograde amnesia is
prominent (first well described before Korsakoff, e.g. by Robert Lawson in 1878;
see [297]). TGA has on occasion been labelled as an acute but transient Korsakoff’s
syndrome (e.g. [14, 87] and [298], p.38), but this is a misnomer.

3.4.6 Fatigue Amnesia

Cases of amnesia associated with extreme tiredness have been reported [299].

3.5 Other Causes of Acute Cerebral Disorder

Other acute cerebral disorders may sometimes be mistaken for TGA, even when
amnesia is not a symptom. TIA is the most prominent example, but other disorders
also enter the differential diagnosis (Table 3.2).
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3.5.1 Acute Confusional State/Delirium/
Toxic-Metabolic Encephalopathy

Acute confusional state, or delirium, enters the differential diagnosis of TGA since,
by definition, one of the phenotypic features of delirium is change in cognition
which may include memory deficit (also disorientation, language impairment, per-
ceptual disturbance) not better accounted for by dementia [300]. Impairment of
consciousness, a sine qua non for the diagnosis of delirium, may be subtle. As infec-
tion, metabolic derangements, and adverse drug effects are the most commonly
identified precipitating factors for an acute confusional state, the diagnostic label of
toxic-metabolic encephalopathy is sometimes used. Some of the reported examples
of TGA associated with medication use (Sect. 3.4.2 and Table 3.7) may in fact be
examples of toxic-metabolic encephalopathy.

3.5.2 Acute Brain Infections, Including COVID-19

Benon, who described what may have been the earliest reported unequivocal case of
TGA in 1909 [301] (see Sect. 1.2), also described amnesia in cases of syphilitic
general paresis [302]. Only occasional cases of TGA associated with neurosyphilis
have subsequently been reported [303], some (“TGA-like”) with MR imaging
changes in the limbic system [304].

Other brain infections which have on occasion been reported in association with
TGA include encephalitis due to herpes simplex virus [305, 306] or Epstein—Barr
virus [307], although the latter case was associated with partial and generalised
epileptic seizures so would not fulfil TGA diagnostic criteria. Herpes simplex
encephalitis (HSE) usually manifests with fever, headache, behavioural change and
impairments of consciousness so should not be confused with TGA, although very
occasionally presentation with isolated memory deficit has been reported [308].
Although cognitive recovery occurs in many patients with HSE, sometimes a dense
amnesic syndrome may persist. Other, structural, lesions may sometimes masquer-
ade as HSE [309].

Cases of TGA associated with the pandemic of COVID-19 (SARS-CoV-2) have
been reported, associated with the infection per se [310], with infection-related
acute stroke (suggested to be thrombotic events) [32], and triggered (possibly) by
fear of contracting the infection [311]. Werner et al. reported an increased incidence
of TGA seen in their hospital in Germany over a 3.5-month period at the beginning
of 2020 which they suggested may be a consequence of the emotional stress occa-
sioned by factors such as social distancing, uncertainty about the future and fear of
becoming infected with COVID-19 [312].
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3.6 Misdiagnosis

As may be evident from the foregoing sections, TGA has a potentially broad dif-
ferential diagnosis. Hence, although clinical diagnosis is often straightforward in
archetypal cases, misdiagnosis of TGA is not unexpected. In a study of 166 epi-
sodes of suspected TGA, Werner and Woehrle found an alternative diagnosis or
severe comorbidity impacting the occurrence of the amnestic episode in 10.8%. The
most important differential diagnosis was stroke [11]. In the author’s cohort, in
23/73 (32%) patients referred to the clinic with suspected TGA, the diagnosis could
not be sustained, either because of insufficient clinical evidence (most often the
absence of a reliable witness report of the episode) or because an alternative diag-
nosis was established (see Figure 7.3).

3.7 Summary and Recommendations

The relatively stereotyped clinical features of TGA may render diagnosis straight-
forward, especially for those clinicians who are familiar with the condition.
Nevertheless, acute amnesic episodes have a potentially extensive differential diag-
nosis, including disorders of cerebrovascular, epileptic, psychological, metabolic,
infective, toxic and structural origin. For this reason, investigations may sometimes
be required to assist with the diagnosis and differential diagnosis of TGA, and these
are elaborated on the next two chapters.
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Chapter 4

Investigation of TGA (1):
Neuropsychology, Neurophysiology
and Other Investigations

Abstract This chapter examines the investigation of TGA, particularly the neuro-
psychological and neurophysiological findings (neuroimaging is considered in
Chap. 5). Investigations during the TGA episode have clarified the exact nature of
the neuropsychological deficit. EEG may have a role in the differential diagnosis of
TGA from transient epileptic amnesia. Clinical investigations undertaken when
patients are seen some time after the event are generally normal and probably
unnecessary if a definite (criteria-based) clinical diagnosis of pure TGA has
been made.

Keywords TGA - Neuropsychology - Neurophysiology

The investigation of TGA may be contemplated as two different scenarios: acutely,
during the episode, or interval assessment at some time after the resolution of the
attack. The latter has generally been the more common situation, but in recent times
the increasing development of acute neurological services, sometimes embedded
within emergency room (ER) or accident and emergency (A&E) settings, has
enabled acute rather than interval assessment of TGA. This has prompted a change
in the way TGA patients are investigated, particularly with respect to neuroimaging
(Chap. 5).

4.1 Neuropsychology

There are many different tests available for neuropsychological assessment (e.g. [1,
2]), looking at either single or multiple cognitive domains, and suitable for use in
different settings (primary or secondary care, general or specialised clinic) and tak-
ing different periods of time to complete (minutes to hours). Those addressing
memory function have been most relevant in TGA.
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Discussion here is largely restricted to definite or pure TGA as defined by the
Hodges and Warlow 1990 criteria [3], with only passing reference to possible vari-
ant forms of TGA (see Sect. 2.3 for further details of these).

Reports of neuropsychological assessments undertaken during an attack of TGA
are relatively uncommon. Indeed, it was not until the 1980s that detailed reports first
began to appear (e.g. [4—11] and [12], p.68-78,139—44). Essentially, these showed
that pure TGA is characterised by anterograde amnesia (difficulty learning new
information) which is often described as severe, dense or profound since new infor-
mation is lost within minutes, with in addition a retrograde amnesia (loss of previ-
ously learned information) extending over very variable time periods in different
patients ranging from hours to decades, patchy but showing a temporal gradient.
Other domains of cognitive function generally remain intact. Complete recovery
except for permanent retrograde amnesia for events that occurred several hours to
days before the TGA event is usual.

4.1.1 Neuropsychological Deficits during TGA: Memory

Memory may be conceptualised as a non-uniform, distributed cognitive function
within which subdivisions in function may be differentiated (Fig. 2.2): explicit or
declarative (episodic, semantic) and implicit on non-declarative. Neuropsychological
assessment of each of these memory subdivisions has been undertaken during epi-
sodes of TGA.

4.1.1.1 “Working Memory”

“Working memory”, or immediate memory, is usually conceptualised as one aspect
of attentional mechanisms, rather than mnestic function per se, but since preserved
attentional mechanisms are required for any meaningful assessment of memory
function the assessment of working memory is an important first step in any neuro-
psychological evaluation. Acute confusional states (delirium), which enter the dif-
ferential diagnosis of TGA (Sect. 3.5.1), are characterised by impaired attentional
mechanisms.

Working memory is preserved in TGA, as manifested by normal performance on
tests in both the verbal (normal forward and backward digit span tests) and non-
verbal (block tapping span) domains (e.g. [12], p.70 and [6]).

Quinette et al. [13] examined working memory in more detail, using tests to
investigate the various subcomponents in the model of working memory pro-
posed by Baddeley [14]. They showed that the phonological loop and visuospa-
tial sketch pad functions were spared, as were many of the specific executive
functions.
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4.1.1.2 Anterograde Memory

Characteristically, testing during a TGA attack has shown dense anterograde amne-
sia, with impairment of new learning ability for material presented either verbally or
non-verbally [9, 12].

Verbal material includes recalling a story (e.g. from the Wechsler Memory Scale)
or learning word lists. In addition to a low global score on the latter, there may be
impairment of the primacy effect but with relative preservation of the recency
effect [15].

Non-verbal material includes recall of the Rey—Osterrieth Complex Figure,
copying of which is generally good (see Sect. 4.1.2.2). Hodges ([12], p.72) found
that none of his subjects could reproduce any elements of the Rey—Osterrieth
Complex Figure after a delay of approximately 40 min. Supraspan block tapping
test is also a test of non-verbal learning; none of Hodges’ patients could learn these
sequences, confirming previous findings [4, 5].

Is the observed anterograde amnesia a consequence of failure to acquire, encode
or store new information, or is the deficit one of retrieval? This issue may be
addressed by investigating whether there is differential performance in tests of
recall or recognition. To examine specifically episodic memory, Eustache et al. [16]
administered a word-learning task (derived from the Grober and Buschke proce-
dure) to three patients during episodes of TGA. In one patient, there was poor per-
formance on immediate cued recall, a result which suggested an encoding deficit,
whereas in the other two patients there was poor performance on delayed recall and
recognition, suggesting a storage deficit. Whether this represented heterogeneity
within cases of TGA, or different degrees of dysfunction within a common mecha-
nism for encoding and retrieval, was not clear [16, 17], but a later study of two
additional patients [18] pointed towards cognitive heterogeneity, one patient having
a storage disturbance, whilst the other was unable to learn episodic associations,
despite similar neurological features.

A meta-analysis of 25 studies examining the cognitive characteristics of TGA
found ““an extraordinarily large reduction” of anterograde memory [19].

4.1.1.3 Retrograde Memory

Retrograde amnesia in TGA is of variable duration, ranging from hours to decades,
although in most patients it is less than 5 years. The deficit, although patchy, is tem-
porally graded, affecting memory for both personal and public events ([12],
p.74-8,81-5, and [6, 8, 9]).

As regards assessment of personal retrograde memory, this is recognised to be
difficult to quantify. The Crovitz test of cued autobiographical memory has been
reported to show that TGA patients have difficulty in producing personal memories,
particularly for the most recent 5 years, and that these accounts are impoverished in
terms of detail ([12], p.77-8,83—4, and [6, 9]). Impaired ability to describe detailed
life episodes has also been noted using the Autobiographical Memory Interview [20].
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In contrast to patients with functional amnesia (Sect. 3.3), TGA patients prefer-
entially use the first person pronoun rather than general pronouns when recounting
autobiographical narratives [21].

For assessment of public retrograde memory, various tests may be used, such as
the Famous Faces Test (identifying famous people from previous decades) and
famous events (dating significant previous events). Such studies indicate a temporal
gradient, with poorer performance on more recent material but with more distant
memories relatively spared.

A meta-analysis of 25 studies examining the cognitive characteristics of TGA
found a milder reduction of retrograde compared to anterograde memory [19]. A
permanent retrograde amnesia for events that occurred several hours to days before
the TGA event is usual.

4.1.1.4 Semantic Memory

Semantic memory, assessed by category fluency measures, picture naming, and pic-
ture-word and picture—picture matching, and reading ability was normal during
TGA in two patients assessed by Hodges [22]. More recently, however, Sandikci
et al. [23] found impaired semantic fluency in 16 patients during TGA (with typical
neuroimaging findings) compared to their function one day later. They suggest their
findings support a role for the hippocampus in semantic retrieval.

A possible TGA variant in which transient impairment of semantic memory was
present has been described ([24]; see Sect. 2.3.3).

4.1.1.5 Implicit Memory

Implicit memory functions (e.g. for driving; see Sect. 6.4.1) are usually intact in
TGA [6]. Indeed, procedural memories for motor and perceptual skills can be
acquired during TGA episodes [25, 26], confirming the empirical dissociability of
explicit and implicit memory processes. Eustache et al. [15] examined perceptual-
verbal procedural memory (mirror reading skill learning task) and lexical-semantic
priming (word stem completion task) in a TGA patient and found these abilities to
be preserved compared to controls despite the patient’s profound explicit memory
impairment. Guillery et al. [27] demonstrated semantic priming in three TGA
patients, effects which persisted at least 1 day after recovery from TGA, suggesting
the possibility of semantic learning without episodic memory.

A possible TGA variant in which procedural memory impairment is present has
been described (Sect. 2.3.4).

4.1.1.6 Spatial Memory

Experimental animal studies have suggested that the hippocampus has a function as
a cognitive map, underpinning spatial memory [28]. In the light of the focal hippo-
campal lesions seen on magnetic resonance imaging in TGA patients (see Sect.
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5.1.2), Bartsch et al. [29] examined place learning using a virtual Morris water maze
in TGA patients with hippocampal lesions. Compared to controls, TGA patients
showed a profound impairment of place learning, the deficits in performance cor-
related with the size of hippocampal lesions and duration of TGA.

More sophisticated tests of hippocampal function have indicated selective and
prolonged deficits in allocentric (hippocampus-dependent) spatial navigation in
patients following TGA [30] suggesting that damage had occurred within the
hippocampus.

4.1.1.7 Metamemory

The term metamemory has been used to describe knowledge about one’s memory
processes and contents. It has been little studied in TGA compared to other aspects
of memory. Neri et al. [31] used the Sehulster Memory Scale [32] to assess
metamemory in 20 patients with a previous episode of TGA, finding metamemory
evaluations to be more closely related to objective memory function in those with
more severe residual retrograde amnesia [31]. Imprecision of metamemory was
also reported in TGA patients by Marin-Garcia and Ruiz-Vargas [33].

4.1.2 Neuropsychological Deficits during TGA: Other
Cognitive Domains

Cognitive domains other than memory are typically preserved in TGA, such as lan-
guage, visuospatial function [6] and frontal executive functions [13, 22].

4.1.2.1 Language

All aspects of language tested by Hodges ([12], p.79) were normal.

4.1.2.2 Visuoperceptual and Visuospatial Skills

All aspects of visuoperceptual/visuospatial function tested by Hodges ([12], p.79)
were normal. However, reduced ability to copy the Rey—Osterrieth Complex Figure
has been observed [8, 9], suggesting to these authors a cognitive deficit separate
from and in addition to the amnesia. However, this report would seem to be
exceptional.
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4.1.2.3 Executive Function

Stillhard et al. [11] found reduced verbal fluency and evidence of colour—word inter-
ference in the Stroop test in their patient, suggestive of frontal lobe dysfunction.

A meta-analysis of 25 studies examining the cognitive characteristics of TGA
found diminished executive functions, suggesting that non-amnestic cognitive
changes may be found in TGA [19].

4.1.3 Neuropsychological Deficits after TGA

Comparison of mnestic function during and a few weeks after TGA usually shows
return to normal of both anterograde and retrograde memory [20]. However, testing
earlier after the acute episode, for example, after 3 or 4 days, may show persisting
impairments in verbal and non-verbal long-term memory and verbal fluency [34],
whereas testing at longer time periods may show no difference from controls (e.g.
[35, 36]). Cognitive outcomes in the post-acute and longer term following TGA are
considered in the Chapter on prognosis (Sect. 6.1 and Sect. 6.3.1, respectively).

Of the various brief (“bedside”) cognitive screening instruments which are avail-
able (for discussion see [37]), a number have been used by the author in patients
who have had attacks of TGA. These have included the Mini-Mental State
Examination [38] (MMSE; see Case Study 2.1), the Six-Item Cognitive Impairment
Test [39] (6CIT), the Montreal Cognitive Assessment [40] (MoCA; see Case Study
2.1), the ADS8 [41, 42], the Mini-Addenbrooke’s Cognitive Examination [43]
(MACE) and Free-Cog [44] as part of pragmatic diagnostic test accuracy studies
[45, 46] of these tests [47-53]. In the majority of cases, these have returned normal
scores, the exception being two patients judged to have mild cognitive impairment
(aged 73 and 79) independent of their TGA attack (Larner, unpublished
observations).

4.2 Neurophysiology

4.2.1 Electroencephalography (EEG)

The suspicion that TGA might be an epileptic phenomenon prompted investigation
with standard electroencephalography (EEG) post-event in several of the earliest
reports (e.g. [54-57]) and this trend continued; the first report devoted to EEG in
TGA was that of Jaffe and Bender of 1966 in which 27 of 51 cases underwent EEG,
5 during the event [58].

Although most reported EEG studies were negative or showed only non-specific
changes (e.g. temporal slow waves), occasional reports of spike and wave discharges
on interictal recordings appeared, seeming to support an epileptic aetiology for
TGA (e.g. [59-62], at least in some cases. However, with hindsight some of these
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patients may have had epilepsy rather than TGA, the reports predating publication
of TGA diagnostic criteria [3] and characterisation of TEA. Reviews by Pedley
(1983) [63], Miller et al. (1987) [64] and Jacome (1989) [65] suggested that some
EEG changes reported in TGA were in fact non-specific or represented benign sleep
spikes or changes seen in migraine (e.g. [66]). Nevertheless, some authors contin-
ued to hold the view that TGA is a form of epilepsy, the electrical changes being too
deep for detection by surface EEG recordings (e.g. [67, 68]). Furthermore, record-
ings made after the TGA episode might not be reflective of the situation during
attacks.

4.2.2 EEG during TGA

Reports of EEG recordings during an episode of TGA have been relatively sparse
and often a consequence of chance. Generally, as for interictal studies, these have
been entirely normal (e.g. [58, 64, 69, 70] and [12], p.65,141; see also Case Study
4.1), although occasional positive findings are reported: Jeong et al. [71] found
bitemporal sharp waves accentuated by hyperventilation in a patient with TGA and
typical diffusion-weighted magnetic resonance imaging findings (Sect. 5.1.2); EEG
changes disappeared with recovery.

Case Study 4.1: EEG during TGA

A 58-year-old lady presented to her local hospital with confusion. She was
unable to give a history of what had happened, but her husband reported that
she had appeared distressed and was repeatedly asking the same question. She
could not remember where she had been on holiday the week before or
whether her mother was alive or dead. The episode settled spontaneously after
about 6 h. The patient had no subsequent recollection of this period. She was
otherwise in good health, with a history of only infrequent migraine. Her
general and neurological examinations at presentation were normal. A provi-
sional diagnosis of transient ischaemic attack was made by the local stroke
coordinator, but the managing clinician was uncertain as to whether the epi-
sode may have been an epileptic seizure, so made arrangements for an outpa-
tient EEG and advised the patient not to drive in the meantime.

About 10 min into the EEG recording, a further similar episode of confu-
sion occurred: the patient was noted to be distressed, did not know where she
was or how she had gotten there and repeatedly asked the same questions. The
EEG coincident with this episode was normal throughout. Confusion lasted in
all about 6 h, without subsequent recall. The patient later admitted to having
been very anxious about attending for the EEG.

The patient was subsequently referred to the neurology clinic where, in
addition to the above clinical history, collateral history from the husband elic-
ited the fact that the first episode occurred shortly after sexual intercourse.
The history was entirely consistent with diagnostic criteria for transient global
amnesia (adapted from [70]).
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Hence, standard EEG is of little value in the diagnosis of TGA but may have
value in the differential diagnosis of attacks of TGA from TEA (Sect. 3.2, Table 2.1
and Table 3.7) if there is doubt on clinical grounds, in which case sleep-deprived
EEG may increase the chances of finding changes suggestive of TEA.

More sophisticated quantitative analytic techniques evaluating EEG power spec-
tra (QEEG) may have acute diagnostic [72] and differential diagnostic value versus
TEA [73]. Comparing resting-state EEGs obtained both acutely and after recovery
from TGA has been reported to show deterioration in network efficiency of the theta
band frequency during the attack [74].

4.2.3 Magnetoencephalography (MEG)

Magnetoencephalography (MEG) measures magnetic fields generated by ongoing
brain ionic current flows. A couple of studies examining MEG in TGA have
appeared [75, 76] but neither provided significant information about underlying
changes in brain activity.

4.2.4 Transcranial Magnetic Stimulation (TMS)

Nardone et al. [77] investigated one case of TGA with TMS and found decreased
intracortical inhibition (ICI) during the attack.

4.3 Other Investigations

If the clinical diagnosis of “pure” TGA (Sect. 2.2.2) is made, then other investiga-
tions are generally unnecessary.

4.3.1 Blood Tests

Standard or routine tests of haematology and blood chemistry seldom, if ever, have
any place in the investigation of patients with suspected or confirmed
TGA. Occasional reports of abnormal blood tests in TGA have appeared, but gener-
ally they constitute anecdotal evidence only. For example, there are occasional
reports of TGA occurring in patients with polycythaemia, for example, in associa-
tion with polycythaemia rubra vera (PRV) [78, 79] and cerebellar haemangioblas-
toma [80]. In one PRV case [79], multiple recurrences were reported (which may
prompt questions about the TGA diagnosis), ceasing with the treatment of
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polycythaemia. In the light of these cases, an argument might be made for checking
indices such as haematocrit, red cell mass and blood volume and blood viscosity.
However, Hodges ([12], p.132) found no significant difference in packed cell vol-
ume between TGA patients and TIA controls. Only 1 of 24 TGA patients in the
series of Moreno-Lugris et al. [81] had polycythaemia.

Other markers of vascular and/or inflammatory involvement have been examined
in TGA patients. For example, hyperfibrinogenaemia, a marker of inflammation,
was reported in a patient who developed recurrent episodes of TGA after cardiac
surgery, which were manifest only in the upright posture but which resolved
promptly when supine [82]. As with other reports of frequently recurrent TGA
(Sect. 6.2.1), there must be questions around the diagnosis of TGA here.

Cervera et al. [83] reported a cohort of 1000 patients with antiphospholipid anti-
body (Hughes’) syndrome, of whom 0.7% had “transient amnesia”. It has been
reported that TGA (and migraine) is more common in Latin American patients with
the antiphospholipid syndrome (APS+) than in European APS+ patients [84].
However, it remains to be determined if there is an aetiological relationship with
TGA. If there are stigmata of specific vascular diseases (e.g. Sneddon syndrome,
scleroderma; Sect. 3.1.4), then checking of relevant autoantibodies might be consid-
ered, but not as a routine.

Mazokopakis [85] reported five TGA patients with high serum total homocyste-
ine levels, low serum folate and vitamin B12 and with underlying mutations in the
methylenetetrahydrofolate reductase (MTHFR) gene. Hyperhomocysteinaemia, a
recognised vascular risk factor, may thus be a risk factor for TGA in some cases. It
has been recorded in other case reports ([86, 87] and [88], casel].

A case of TGA with elevation of highly sensitive troponin T levels was reported
by Jalanko et al. [89]. This is usually a marker of cardiac ischaemia but may some-
times be seen in acute neurological disorders such as subarachnoid haemorrhage,
stroke, TIA, epileptic seizures and traumatic head injury. Eisele et al. [90] found
elevated high-sensitivity cardiac troponin I (hs-cTNI) in 17 of 202 TGA patients,
but none had clinical or electrocardiographic evidence of myocardial infarction
although two had Takotsubo syndrome (see Sect. 3.1.6). Those with elevated hs-
c¢TNI had a significantly greater likelihood of a history of coronary heart disease and
a significantly shorter TGA duration at presentation.

Neuron-specific enolase (NSE) may be used as a marker of neuronal cell dys-
function. Lee et al. found NSE to be elevated in 16/48 TGA patients, and these
subjects had higher levels of cognitive impairment than those with normal lev-
els [91].

Markers of endocrinological function have sometimes been examined in
TGA. There are occasional reports of cases occurring in patients with thyroid dys-
function, for example, as a consequence of autoimmune thyroid disease [92]. A
higher rate of thyroid disorders was reported in a retrospective study of 25 TGA
patients from Taiwan [93].

Prolactin levels, sometimes used as a serum marker of epileptic seizure, are nor-
mal in TGA [94].
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A more significant endocrinological marker may be serum cortisol levels in the
light of the possible predisposing and precipitating role of stress in TGA (Sect 7.10
and Sect. 8.1 respectively). Schneckenburger et al. [95] compared blood cortisol
levels between TGA patients sampled during or shortly after the episode and found
significantly higher levels in the ictal group. The results suggested reactivity of the
hypothalamic—pituitary—adrenal axis. Griebe et al. [96] found elevated levels of sali-
vary cortisol in TGA patients compared to time-matched delay samples, suggesting
enhanced cortisol secretion in TGA patients. However, neither of these studies
could determine whether or not these observations were cause or effect of TGA, nor
whether they might be of use in the differential diagnosis of acute transient amnesias.

4.3.2 Cerebrospinal Fluid (CSF)

Lumbar puncture for studies of cerebrospinal fluid (CSF) may be indicated if TGA
is mistaken for other acute neurological conditions (Sect. 3.5), such as meningitis or
encephalitis (looking for markers of infection) or subarachnoid haemorrhage (look-
ing for xanthochromia, blood products), but if the clinical diagnosis of TGA has
been made then CSF analysis is not indicated. In view of the acute nature of TGA,
it might be interesting to know if markers of neuronal damage, such as the proteins
14-3-3 and s100beta (sometimes looked for in suspected cases of prion disease), are
positive in TGA.

It has been reported that biological antioxidant potential (BAP) is elevated in
CSF of TGA patients, suggesting that oxidative stress may play a role in the patho-
genesis of TGA [97].

4.3.3 Sonography

Sonographic techniques have been used to evaluate both arterial and venous phases
of the intra- and extracranial circulation, with the latter producing the most conten-
tious results.

4.3.3.1 Arterial

Extracranial and transcranial arterial echo colour Doppler sonography was under-
taken in 75 TGA patients and the same number of age- and gender-matched controls
by Baracchini et al. [98]. They found no evidence of significant cervical vessel or
intracranial atherosclerosis. There was no difference in resistance index values of
the vertebral arteries at rest and during Valsalva manoeuvre and of pulsatility index
values of the major intracranial arteries at rest and during Valsalva manoeuvre.
Furthermore, no difference in any study item was found between patients assessed
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during or soon after the TGA episode. Jovanovic et al. [99] found no significant
structural atherosclerotic changes in the cervicocranial arteries on ultrasound of 100
patients with TGA.

4.3.3.2 Venous; Internal Jugular Vein Valve Incompetence

Prompted by Lewis’s influential (1998) hypothesis of TGA as a consequence of
cerebral venous congestion [100] (see Sect. 9.2.2 for discussion), a number of sono-
graphic studies appeared in the early 2000s examining internal jugular vein blood
flow. These detected an increased prevalence of abnormal (retrograde) internal jug-
ular vein blood flow due to jugular vein valve incompetence during a Valsalva
manoeuvre in TGA patients compared to TIA patients and normal controls (e.g.
[101-103]).

Many subsequent studies addressing this issue have been published (e.g. [99,
104-108]). A meta-analysis of seven case—control studies published in 2012 con-
firmed the increased incidence of internal jugular vein valve incompetence in TGA
patients and also showed that recognised precipitating factors for TGA (Chap. 8)
were more common in this group [109]. However, despite internal jugular vein
valve incompetence, there may not necessarily be any change in intracranial venous
circulation [110]. For example, Baracchini et al. [111] found no difference in blood
flow velocity in the deep cerebral veins at rest or during Valsalva manoeuvre in TGA
patients or controls, and intracranial venous reflux was not observed. Hence, the
relevance of internal jugular vein valve incompetence to the pathogenesis of TGA
remains uncertain [112]. Higher rates of compression/stenosis of internal jugular
veins and left brachiocephalic vein with transverse sinus hypoplasia have also been
recorded in TGA patients [113].

Pragmatically, there seems little indication for undertaking such studies as a rou-
tine investigation in patients with single episode pure TGA.

4.4 Summary and Recommendations

TGA is a clinical diagnosis, even when based on widely accepted diagnostic criteria
[3]. If a confident clinical diagnosis of pure TGA, based on diagnostic criteria, can
be made, then no further investigation may be required (certainly none are manda-
tory), and management should focus on reassurance.

However, if there is diagnostic uncertainty, for example, if a compelling infor-
mant history is not available, then investigations may be required to explore and
refine the differential diagnosis. Of these investigations, the precise pattern of neu-
ropsychological deficits may be helpful, although services for acute neuropsycho-
logical assessment are not widely available. EEG may be considered if the
differential diagnosis with TEA cannot be resolved on clinical grounds. Blood tests
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currently have little diagnostic value, although recent investigations of elevated cor-
tisol and troponin raise the possibility that they might be of use.

Overall, the various investigational modalities considered in this chapter have
little to recommend them in the acute setting. However, neuroimaging, specifically
diffusion-weighted magnetic resonance imaging, has found a place. This, along
with other neuroimaging techniques, is considered in the next chapter.
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Chapter 5
Investigation of TGA (2): Neuroimaging

Abstract This chapter examines the investigation of TGA using neuroimaging
techniques, (neuropsychological and neurophysiological investigations are consid-
ered in Chap. 4). Diffusion-weighted magnetic resonance imaging may show focal
areas of signal change within the hippocampus, often in the CA1 subfield, in the
first few days after the TGA episode. These changes may contribute to the diagnosis
of TGA, although they are not currently included in diagnostic criteria and their
pathogenesis remains uncertain. More sophisticated neuroimaging techniques may
contribute to further understanding of the pathophysiology of TGA.

Keywords TGA - Neuroimaging

The investigation of TGA may be contemplated as two different scenarios: the more
common occurrence is when the patient presents to medical attention at some time
after the resolution of the attack of TGA and the much less common situation when
the patient is seen during the attack itself. If a confident clinical diagnosis of pure
TGA, based on diagnostic criteria, can be made, then no further investigation may
be required, and management should then focus on reassurance.

Of the various investigations available, many different neuroimaging modalities,
both structural and functional, have been applied to patients with TGA, including
X-ray computed tomography (CT), magnetic resonance (MR) imaging, single-
photon emission computed tomography (SPECT) and positron emission tomogra-
phy (PET). Of these, diffusion-weighted magnetic resonance imaging has proved to
be the most diagnostically informative, often showing transient abnormalities con-
fined to the hippocampus.
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5.1 Structural Neuroimaging

5.1.1 Computed Tomography (CT)

Historically, computed tomography (CT) was the first neuroimaging modality to be
widely used in TGA, beginning in the 1970s and 1980s (note that prior to this time
the term “brain scanning” often referred to isotope scans, for example, using tech-
netium pertechnetate [1]).

Although some early studies reported a high prevalence of CT abnormalities,
including infarction in specific vascular territories, these series may have been con-
taminated by non-TGA cases, prior to the definition of diagnostic criteria in 1990
[2]. In his review published in 1985, Caplan reviewed the reported CT changes in
TGA and concluded that there were insufficient data to reach general conclusions
[3]. Hodges and Warlow detected small deep white matter and basal ganglia lacunar
infarcts and periventricular lucencies in around 10% of their cases, but these changes
were thought to be incidental, since they did not involve memory eloquent brain
structures [2]. Hence, in his monograph, Hodges concluded that CT scanning in
TGA was nearly always normal ([4], p.31).

Various CT lesions have been reported on occasion in TGA patients, including
cerebrovascular disease (infarction, haemorrhage; Tables 3.4 and 3.5) and mass
lesions (Table 7.4). Although in some cases these might be instances of “symptom-
atic TGA” (Sect. 2.2.2 and 2.2.3), more likely the changes seen are incidental to
TGA, albeit they may have implications for patient management independent of the
TGA episode.

5.1.2 Magnetic Resonance (MR) Imaging

The increased resolution of magnetic resonance (MR) imaging compared to CT
might have been anticipated to generate many more neuroimaging findings in TGA
cases (including incidental changes, as in other MR imaging applications in neurol-
ogy [5]). Although some negative studies were reported initially (e.g. [6, 7]), the
particular value of diffusion-weighted imaging MR sequences (MR-DWI) soon
became apparent, showing focal areas of high signal, or hyperintensity, within the
medial temporal lobe and specifically within the hippocampal formation (e.g. [8—
24]). Several large series of TGA patients examined with MR-DWI have subse-
quently been reported (e.g. [25-30]), and, at time of writing, one systematic review
and meta-analysis has been presented including 22 original articles with 1732 par-
ticipants [31], plus one other systematic review [32].

These studies have established MR-DWI as the neuroimaging modality of
choice, if available and required, in TGA diagnosis (Fig. 5.1). A number of conclu-
sions may be drawn from these various studies with respect to issues such as clinical
phenotype, lesion location and size, and optimal timing and technical MR imaging
factors.
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Fig. 5.1 MR brain imaging in TGA: diffusion-weighted imaging (left) and apparent diffusion
coefficient map (right), 48 h after onset of TGA, showing respectively bilateral medial temporal
lobe high signal and restricted diffusion (adapted from [22] with permission)

5.1.2.1 Clinical Phenotype Vs. MR-DWI Changes

TGA patients with MR-DWTI lesions (DWI+) have been reported to show similar
clinical characteristics to those without imaging changes (DWI—), with no signifi-
cant differences in age, sex, vascular risk factors, precipitating factors or clinical
presentation between the DWI+ and DWI— groups [25, 26, 33].

A small study (n = 27) found that patients with recurrent (i.e. a second attack of)
TGA had a significantly higher association with reversible MR-DWI abnormality
[34] (see Sect. 6.2.2).

5.1.2.2 Lesion Location, Number and Size

Bartsch et al. reported that most MR-DWI lesions in TGA patients were found in
the CA1 (or Sommer) sector of the hippocampus (following the nomenclature of
hippocampal anatomy derived from Rafael Lorente de N6 [35]), changes which
gradually resolved between 3 and 10 days post-event [10, 11]. Lee et al. noted that
MR-DWTI lesions associated with TGA were localised exclusively to the lateral por-
tion of the hippocampus, corresponding to the CA1 region [36]. Other studies also
found the majority of TGA patients showed typical MR-DWI lesions in the CAl
region [37, 38]. However, hippocampal regions other than CA1 may be involved.
For example, Kim et al. found that 23, 36 and 8 patients (= 29%, 47% and 10%)
exhibited a single lesion in the hippocampal head, body and tail, respectively [27].
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The systematic review of Lim et al. found figures of 12.6%, 64.4% and 23% for
head, body and tail, respectively [31].

Whilst it may be the case that “[t]ypically lesions outside CA1 or outside the
hippocampus are not detected in TGA” ([39], p.746), extrahippocampal hyperin-
tense lesions have also been described in association with the typical TGA clinical
phenotype on occasion [40], for example, in the splenium of the corpus callosum [9]
or the cerebellum (junction of superior cerebellum and vermis) [41]. Ganeshan et al.
found acute MR-DWTI lesions in cortical regions other than the hippocampus in 11%
of their series of TGA patients (n = 126), all presenting with typical TGA without
any additional symptoms [42]. In a case series and literature review, Piffer et al.
reported 26 patients with typical clinical TGA and extrahippocampal punctate dif-
fuse lesions on MR imaging. These extrahippocampal lesions may occur with or
without the typical hippocampal lesions. A classification taking these changes into
account has been suggested [43]. It is possible that some of the “TGA-stroke”
patients previously reported (Table 3.4) in fact have acute extrahippocampal lesions,
indicative of acute focal metabolic stress but not necessarily of ischaemic origin.

Hippocampal lesions are usually single but may be multiple and may be unilat-
eral or bilateral. Lim et al. reported the incidence of left, right and bilateral lesions
to be 42%, 37% and 25%, respectively [31]. Lesion size ranged from 1 to 15.1 mm,
mean 2.8-10.2 mm [31].

5.1.2.3 Timing of MR-DWI Changes

Higher MR-DWI lesion detection rates occurring after rather than during the hyper-
acute event have been noted by many authors (e.g. [19, 21]). Ahn et al. performed
MR-DWTI in 203 TGA episodes and found hippocampal lesions (= DWI+) in 16.
The median time interval from amnesia to imaging was significantly longer in the
DWI+ group (9 h) than in the DWI- group (5 h), indicating that MR-DWT had a low
diagnostic yield (this term was not defined in the text, hence is presumably used
qualitatively) if performed early in the course of TGA [25]. Ryoo et al. found an
increase in the lesion detection rate with time lapse after symptom onset (0-6 h:
34%; 6-12 h: 62%; 12-24 h: 67%; day 3: 75%) [28]. Higashida et al. found that
detection rate increased linearly 24 h after onset, reached a plateau by 84 h and then
decreased rapidly [26]. These findings were confirmed in the systematic review by
Lim et al. [31] who reported a higher diagnostic yield when DWI was performed
between 24 and 96 h after symptom onset than before 24 h or after 96 h.

These data may therefore explain in part the negative findings of some of the
early MR studies: Gass et al. performed DWI in the active phase in two patients and
1-8 h after cessation of symptoms in six patients [6], whilst in the series of Huber
the average imaging delay was 18 h [7].

Lesions gradually resolve and disappear between 3 and 10 days post-event [10,
11, 44]. Follow-up MR imaging studies of TGA using very high field strength (7 T)
showed no visible sequelae [45].
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5.1.2.4 MR Field Strength, Slice Thickness and T,-Weighting

Higher lesion detection rates have been noted in some studies dependent upon cer-
tain technical MR imaging factors, such as the use of higher MR field strength [28,
46], thinner slice thickness [29, 47] and higher resolution imaging [47]. Lim et al.,
in their systematic review, found no difference in diagnostic yield using 3 T vs 1.5 T
field strength but higher yield using slice thickness <3 mm vs. >3 mm [31].
Considering the size range of punctate lesions, down to I mm and with a mean of
2.8 mm in some studies (Sect. 5.1.2.2), then clearly slice thickness of >3 mm could
miss these changes. No added benefit was observed using T,-weighted MR imaging
[31] (see also Sect. 5.1.2.7).

5.1.2.5 Diagnostic Value of MR-DWI Changes

Lim et al. calculated the diagnostic yield of MR imaging as the ratio of the number
of patients with small hyperintense MR-DWI lesions suggestive of TGA to the total
number of patients with TGA [31], a ratio which equates to test sensitivity (i.e. ratio
of true positives to sum of true positives and false negatives [48]). The pooled diag-
nostic yield thus defined was 39%, although there was marked heterogeneity
between studies included in this systematic review (range 0-92%). Whilst this over-
all sensitivity is low, suggesting that there are many false negatives, yield may be
improved by factors such as optimal timing of imaging (24-96 h post-TGA) and
MR slice thickness (<3 mm) [31].

Wong et al. attempted to quantitate the sensitivity of MR-DWI in TGA as a func-
tion of time from symptom onset by means of a systematic review encompassing 23
papers and 1688 patients. Pooled sensitivity was reported to be 15.6% between 0
and 12 h from symptom onset, 23.1% at 0-24 h, 72.8% at 12-24 h, 68.8% at
24-36 h, 72.4% at 36-48 h, 82.8% at 46-60 h, 66.9% at 60-72 h and 72.0% at
72-96 h [32].

Dot-like hippocampal lesions, including punctate CA 1 hippocampal hyperinten-
sities, may be seen in other clinical circumstances, such as ischaemia, encephalitis,
status epilepticus [49, 50], acute headache (with features different from migraine)
[51] and even incidentally [52]. Forster et al. claimed that it is not possible on neu-
roimaging grounds alone to differentiate isolated hippocampal infarction from TGA
[50]. Hence, any suggestion that MR-DWI changes are specific to TGA is incorrect,
in that false-positive instances are possible, which will reduce specificity (and posi-
tive predictive value, since false-positives feature in the denominators of both these
metrics [48].) The current evidence suggests that CA1 lesions are neither necessary
nor sufficient for a diagnosis of TGA.

To my knowledge, a dedicated diagnostic test accuracy study of MR-DWI
changes in TGA has yet to be reported. Such a study would ideally, as per other
pragmatic diagnostic test accuracy studies in cognitive disorders [53], have to image
all patients presenting with suspected TGA according to a predetermined imaging
protocol, with diagnosis of TGA made on clinical (criterial) grounds, blind to the
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neuroimaging findings. Such a study would likely include patients with other condi-
tions falling within the differential diagnosis of TGA (Chap. 3). Meantime, pending
such a study or studies, the recommendation that MR-DWI may be used in the
appropriate clinical setting to support the diagnosis of TGA [30] stands, allowing
for the possibility of both false-negative and false-positive findings on neuroimag-
ing. (The current widely used diagnostic criteria for TGA are exclusively clinical
and do not require imaging findings [2]; Sect. 2.2.2).

5.1.2.6 Pathogenesis of MR-DWI Changes

What is the pathogenesis of the punctate lesions seen on MR-DWI in TGA patients?
Many early studies interpreted the appearances as indicative of ischaemia (e.g. [10,
11, 15, 23]), but their time course is not that of a classic ischaemic lesion nor do they
resemble venous congestion or infarcts.

As discussed (Sect. 5.1.2.5), the typical MR-DWI appearances seen in TGA are
not specific for ischaemia, although very occasional cases of acute stroke may
mimic the phenotype of TGA (Sect. 3.1.2; Table 3.4). Certainly, the CA1 region of
the hippocampus is known to be particularly vulnerable to hypoxia and selective
injury may be associated with amnesia (e.g. [54-56]). Other investigational modali-
ties (MRS; Sect. 5.2.4) suggest that some form of acute metabolic stress occurs
[57], but the exact pathogenesis currently remains uncertain (see Sect. 9.7.5 and
9.7.6 for further discussion).

Although finding MR-DWI changes may be helpful in differential diagnosis
(Chap. 3) in the appropriate clinical circumstances [30], the suggestion that these
changes indicate that TGA is a disease process localised or in some way restricted
to CAl may be challenged, both empirically and conceptually. Empirically, CA1
lesions may not be seen in some TGA cases, and extrahippocampal lesions without
CAl involvement may occur (Sect. 5.1.2.2); moreover, the imaging changes become
increasingly apparent with time after the clinical event (Sect. 5.1.2.3) suggesting
they are downstream events. Conceptually, damage to a specific area associated
with a specific functional consequence does not necessarily indicate that that par-
ticular location is responsible for that particular function. Whilst the method of
lesion observation may assist in clinico-anatomical or clinico-radiological correla-
tion, the observed lesion may have simply interrupted fibres of passage, abolished
tonic “permissive” inputs or interfered with blood supply to tissue elsewhere (tran-
sient diaschisis) ([58], p.15-16).

Thus, to describe TGA as a “natural lesion model of hippocampal CA1 neurons”
([39], p.737) appears to be an oversimplification, and data interpretation which
“critically relies on the selectivity of CA1 lesions” ([39], p.745) must be vulnerable
to critique. Attempts to model TGA pathogenesis should rightly be predicated on
hippocampal anatomy but need to take account of more than simply CA1 (Sect. 9.7).
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5.1.2.7 Other MR Findings

A study using high-resolution T2-reversed MR imaging in 15 patients who had
recovered from TGA found hippocampal cavities in all patients, bilateral in eight, of
frequency and size greater than in normal controls [59]. The rounded shape of these
cavities was said to resemble the appearances seen in specimens of hypoxia-related
hippocampal CA1 necrosis, prompting the view that the changes seen in TGA
patients might represent neuronal loss within the hippocampal CA1 area, an obser-
vation which might have prognostic implications. However, Bartsch et al. [10]
argued that these cavities were in the hippocampal sulcus, outside the CA1 region.
Uttner et al. found no difference in cognitive performance in TGA patients with and
without hippocampal cavities or in comparison to healthy controls (tested a median
of >3 years post-TGA), although they confirmed the increased incidence of hippo-
campal cavities in TGA patients [60], as did Park et al. [33].

Functional MR imaging has also been used to assess patients with TGA
(Sect. 5.2.6).

5.1.3 Voxel-Based Morphometry (VBM) and Diffusion Tensor
Imaging (DTI)

Advanced structural imaging techniques such as voxel-based morphometry (VBM)
and diffusion tensor imaging (DTI) are research tools which permit assessment of
indices such as cortical thickness and structural connectivity. DTI can be used to
assess white matter microstructure in terms of its fractional anisotropy and mean
diffusivity.

VBM showed significant differences in limbic structures including the hippo-
campus between patients with TGA and controls, changes which were thought pos-
sibly to contribute to the vulnerability of memory pathways [33].

Using DTI, Moon et al. initially reported evidence suggesting disrupted neuronal
integrity of cingulum bundle fibres in TGA [61] but subsequently reported no dis-
ruptions in the structural connectivity of the memory pathway in patients with
recurrent TGA, suggesting no effect of recurrent events on brain microstructure [62].

Park et al. undertook DTT in recovered TGA patients and found no global differ-
ences with healthy controls and no differences in fractional anisotropy and mean
diffusivity but did find reorganisation of network hubs [63]. These findings sug-
gested the possibility that developmentally defined alterations in brain networks
might predispose to TGA. Hodel et al. used DTI to show decreased structural con-
nectivity in the limbic system in TGA patients with associated lower cortical thick-
ness, at both acute (mean 44 h post-onset) and recovery (mean 35 days) stages [64].
Regional changes in cortical thickness and cortical volumes in TGA patients were
also reported by Kim et al. [65]
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Wang et al. found reduced fractional anisotropy in the hippocampus 3 months
after recovery from TGA, but not at 2 weeks, suggesting the possibility of micro-
structural changes in hippocampus [66].

Lee et al. performed volumetric analysis and structural covariance network anal-
ysis in TGA patients and found no significant differences with healthy controls in
global structural covariance network. However, the subgroup of patients with recur-
rent TGA did show significant alterations in this network, as well as in an intrahip-
pocampal circuit which was also affected in single episode TGA patients. The
authors suggested that these changes in connectivity could be relevant to TGA
pathogenesis [67]. The same group of investigators also reported significant differ-
ences in functional networks in several brain regions according to TGA recur-
rence [68].

5.2 Functional Neuroimaging

5.2.1 Single-Photon Emission Computed
Tomography (SPECT)

Of the various functional imaging modalities, single-photon emission computed
tomography using 99mTechnetium hexamethylpropylene amine oxime (99mTc
HMPAO-SPECT) to assess cerebral perfusion has generally been the most widely
available resource and hence the most likely to be deployed in cases of TGA. The
low spatial resolution of SPECT imaging compares unfavourably to MR imaging.

SPECT studies have generally shown decreased perfusion, in temporal lobe(s),
frontal regions and parietotemporal regions, during attacks of TGA, with recovered
perfusion seen in delayed imaging (e.g. [69-78]).

However, reports have also appeared of thalamic hypoperfusion [74, 75, 79-81]
and global cerebral hypoperfusion [82]. Other reports have presented findings of
hyperperfusion, of medial temporal lobe [83] and right parahippocampal gyrus
([84], case 1).

Lampl et al. found that SPECT remained abnormal at 3 and 12 months in three
patients with recurrent TGA, whereas perfusion abnormalities resolved in patients
with a first episode of TGA [73], observations which may be relevant to the progno-
sis of TGA (Sect. 6.2).

SPECT with 99mTc-ethyl cysteinate dimer (ECD) has also shown significant
hypoperfusion acutely in left hippocampus, left thalamus and bilateral cerebellum,
with restoration of perfusion in follow-up scans [85].

Examining MR and SPECT imaging in a series of TGA patients, Park et al.
found that those with more anterior MR-DWI changes (especially hippocampal
head) had associated SPECT hypoperfusion in the anterior frontal and temporal
areas, whereas those with posterior MR-DWI changes (especially hippocampal tail)
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were associated with SPECT hypoperfusion in the posterior temporal, parietal,
occipital and cerebellar areas, consistent with two parallel pathways between hip-
pocampus and neocortex [86]. This observation, if corroborated, might explain
some of the heterogeneity previously observed in SPECT imaging in TGA.

SPECT imaging in TGA has been superseded by MR imaging for a number of
reasons: the low resolution and non-diagnostic nature of SPECT images and the
now near ubiquity of access to acute MR imaging.

5.2.2 Positron Emission Tomography (PET)

Positron emission tomography (PET) may be used to assess cerebral blood flow and
metabolism. The earliest PET studies in TGA were those of Oghino et al. [87] and
Fujii et al. [88], undertaken several days to weeks after the attack.

A case study of a patient in the “acute (early recovery)” phase of TGA found a
matched reduction in cerebral blood flow and oxygen consumption over the entire
right lateral frontal cortex with an associated, less significant, reduction in ipsilat-
eral thalamic and lentiform nucleus metabolism, but with sparing of the hippocam-
pal area. Changes had resolved by the time of a follow-up scan 3 months later [89].
Further PET studies from this research group included a 59-year-old woman whose
imaging showed reduced cerebral metabolic rate for oxygen and oxygen extraction
fraction over the left cortical convexity, with metabolic rate particularly reduced in
the left frontal and temporal regions, as well as over the left lenticular nucleus, but
the hippocampal area appeared unremarkable. Findings were thought to indicate
flow-metabolism uncoupling [90]. Two further patients examined with PET during
TGA attacks showed significant changes in the amygdala (right or left) and left
posterior hippocampus [91]. The findings suggested vascular disturbance during
TGA attacks. Gonzalez-Martinez et al. reported left hippocampal hypometabolism
following a tracer injection 2 h after onset of TGA [92].

PET studies conducted after TGA episodes have suggested better preservation of
cerebral blood flow and oxygen metabolism compared with TIA patients [88]. Jia
et al. reported “low metabolism in local areas related to memory in 2 of 3 patients”
examined with PET at “different periods during recovery” [93].

5.2.3 CT Perfusion (CTP) Imaging

CT perfusion (CTP) imaging may be used for the early diagnosis of acute ischaemic
stroke and TTA. In a single-centre study of CTP in 30 TGA patients, all had normal
findings with respect to the hippocampi [94].
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5.2.4 MR Spectroscopy (MRS)

Proton MR spectroscopy (1H-MRS) is a form of functional imaging which permits
analysis of metabolites such as creatine (Cr), lactate, N-acetyl aspartate (NAA; a
neuronal marker) and myoinositol (a marker of glial cells). One single patient study
showed no changes in these markers [95]. However, Bartsch et al. performed focal
MR spectroscopy of hippocampal CA1 lesions. In 4 of 7 TGA patients studied, the
typical MR-DWI changes in the CA1 sector of the hippocampus were seen. MRS of
diffusion lesions showed a lactate peak, a marker of anaerobic glycolysis, in three
of four patients, but not in patients without a diffusion lesion. The NAA/Cr ratio was
normal, suggesting no neuronal loss. The changes were thought to indicate acute
metabolic stress of CA1 neurones [57].

5.2.5 Perfusion-Weighted MR Imaging

Perfusion-weighted MR imaging (dynamic susceptibility contrast perfusion-
weighted MRI) may be used to assess cerebral perfusion in TGA, although this has
more usually been assessed using SPECT and PET imaging (Sect. 5.2.1 and 5.2.2
respectively). No perfusion alterations were observed by visual inspection of
perfusion-weighted MR imaging in five TGA patients, but group differences were
found versus controls, with lower blood flow values bilaterally in the hippocampus,
in the left thalamus and globus pallidus, as well as bilaterally in the putamen and the
left caudate nucleus [96].

Shimizu et al. investigated TGA patients with conventional MR imaging as well
as neurite orientation dispersion and density imaging (NODDI) and arterial spin
labelling (ASL). They found no obvious microstructural or perfusion abnormalities
in the hippocampus in DWI+ TGA patients, suggesting that neither destructive
damage nor perfusion abnormalities were related to diffusion-restricted lesions
[97]. Kim et al. found no differences in cerebral blood flow between single episode
and recurrent TGA using MR-ASL [98].

5.2.6 Functional MRI (fMRI)

LaBar et al. used functional MRI (fMRI) to assess the integrity of temporal lobe
activity during and after an episode of TGA using a visual scene encoding task. The
findings were of deficits in a temporo-limbic circuit which recovered with time.
During the amnesic state, the precentral gyrus and posterior parietal cortex were
utilised more than after recovery from TGA. The authors suggested that frontopari-
etal areas recruited during the amnesic state may indicate a compensatory strategy
using visuospatial or working memory capabilities. A reduction in responses in
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extrastriate cortex with repeated testing suggested the possibility of intact visual
priming in TGA [99].

A similar fMRI study reported by Westmacott et al. showed no medial temporal
activation associated with encoding of new scenes or recognition of old scenes dur-
ing the amnesic period. However, there was strong hippocampal activation during
attempted recognition despite unsuccessful retrieval. These changes had normalised
at 3-month follow-up [100].

Peer et al. used resting-state fMRI in the acute phase of TGA in 12 patients to
demonstrate a significant reduction in the functional connectivity of the episodic
memory network, not just the hippocampus, which was reversible on recovery [101].

Zidda et al. showed reduced functional connectivity in executive network and
hippocampus using fMRI in acute TGA compared to controls and recovered TGA
patients, the latter two groups showing no significant differences [102].

Kim et al. [68] reported transiently greater functional connectivity in the salience
network in TGA patients undergoing resting-state fMRI and lower functional con-
nectivity in the default mode network, with preserved connectivity in the central
executive network. The changes normalised by 3 months post-event.

5.3 Summary and Recommendations

Since TGA is a clinical diagnosis, no specific neuroimaging investigations are indi-
cated. However, if there is diagnostic uncertainty, then investigations may be
required to explore and refine the differential diagnosis. Neuroimaging may be
required if there is a clinical suspicion of stroke. Of these investigations, diffusion-
weighted magnetic resonance imaging is currently the most helpful. Focal punctate
areas of signal change may be seen in the hippocampus, most often in the CAl
region, with the detection rate increasing between 1 and 4 days post-TGA and when
using thin slice imaging. Whether or not these imaging changes leave long-term
sequelae that might impact the prognosis of TGA, examined in the next chapter,
remains uncertain, although some intriguing evidence to suggest altered network
connectivity in recurrent TGA has emerged.
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Chapter 6
Prognosis and Management of TGA

Check for
updates

Abstract This chapter considers the prognosis and management of TGA. Generally,
prognosis is benign, although some mild deficits of memory function may persist as
well as a gap for the period of TGA. There is a finite recurrence rate, around 3-6%
per year, and it may possibly be the case that recurrent TGA is not as benign as
single-episode TGA. Uncertainties remain about long-term risks of developing
dementia, epilepsy, stroke and depression.

Keywords Cognition - Recurrent TGA - Epilepsy

A number of studies investigating the prognosis of TGA have appeared (e.g. [1-
13].), with variable methods of case ascertainment and duration of follow-up.
Generally, these have confirmed the benign outlook in TGA, as has a systematic
review [14] although subtle cognitive deficits may persist and there may possibly be
increased risk of dementia and epilepsy.

6.1 Recovery and Persisting Cognitive Deficit

In most patients with TGA, recovery of memory function is rapid, with apparent
restoration to normal with the exception of the amnesic episode per se (see Sect. 1.1,
Sect. 2.1.5 and Sect. 4.1.3). However, some formal studies have suggested that
memory function may not return entirely to normal.

In the recovery phase of an acute attack of TGA (post-acute phase), retrograde
amnesia recovers before anterograde amnesia, but the shrinkage of the former may
be heterogeneous, with or without a temporal gradient [15]. Kapur et al. attempted
to fractionate memory tests in patients recovering from TGA and found that resolu-
tion of a naming deficit more closely paralleled recovery from retrograde amnesia
rather than anterograde amnesia. Within retrograde amnesia for public events, there
was a temporal gradient of memory loss, with more recent events affected to a
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greater degree than earlier events. Within anterograde amnesia, picture recognition
memory preceded recovery of story recall memory [16].

Persistent retrograde memory deficit after TGA has been described on occasion.
Roman-Campos et al. presented a patient with a 5- to 10-year period of retrograde
amnesia after the acute episode. However, these authors reported EEG changes sug-
gestive of a left temporal lobe lesion [17], and hence, the possibility that this was an
epileptic amnesic attack, rather than TGA, cannot be excluded. Mazzucchi et al.
reported deficits in verbal long-term memory and verbal 1Q in sixteen TGA patients
[18], and Cattaino et al. reported permanent memory impairment in 15/30 patients
followed up for a mean interval of 20 months [19]. However, the majority of patients
in this study had vascular risk factors, prompting concern that some of these patients
suffered from amnesic stroke rather than TGA ([20], p.37-8). A review by Mueller
dating from 1989 included eight studies in the literature encompassing 622 TGA
patients and 122 patients from a personal survey and reached the conclusion that a
“residual syndrome of disturbed long term verbal memory may be seen even after a
single attack™ [8].

Hodges and Oxbury ([21]; see also [22], p.90-6) studied 41 TGA patients 6 months
after their attacks. Compared to age-, sex- and 1Q-matched controls, there was no
evidence of general intellectual decline, and immediate (working) memory for both
verbal and non-verbal material was normal, but there was inferior performance on
long-term memory tests (paragraph recall). Remote memory was also impaired, as
assessed by the Famous Faces test (identifying famous people from previous decades)
and famous events (dating significant previous events; recognition, an easier test, was
not impaired). The temporal gradient observed in dating famous events seen in the
acute phase (Sect. 4.1.1.3) was not seen in the 6-month follow-up. On the Crovitz test
of cued autobiographical memory, there were impairments. Longer-term non-verbal
memory, assessed by recall of the Rey—Osterrieth Complex Figure and by learning a
supraspan block tapping sequence, was intact. Hence, the anterograde memory deficit
appeared to be material-specific. The authors posited a mild hippocampal-dience-
phalic dysfunction preferentially affecting left-sided structures.

Le Pira et al. documented cognitive dysfunction after clinical recovery in a group
of 14 TGA patients compared to matched controls. Quantitative differences were
found in performance on the California Verbal Learning Test (CVLT) and the Rey—
Osterrieth Complex Figure Test, with reduced categorical learning and attention
that were ascribed to a prefrontal impairment [23].

Guillery-Girard et al. investigated 32 patients 13—67 months post-TGA attack
and reported deficits in the retrieval of recent semantic information and episodic
memories which they thought most likely to be due to difficulty accessing memo-
ries [24].

Testing patients at a mean of 3 years post-TGA, Uttner et al. found no differences
in neuropsychological assessment between TGA patients and controls [12]. In a
subsequent study, no differences were found in patients with or without acute
MR-DWI changes versus healthy controls 2 years after TGA [13].

Jdger et al. administered a recognition memory task for faces and words to eleven
TGA patients during the post-acute phase and to eleven matched controls. They
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sought to examine dual-process models of recognition memory, which posit that
recollection and familiarity are mediated by hippocampal and extra-hippocampal
brain regions, respectively, hypothesising that because of the changes seen in the
hippocampus on diffusion-weighted magnetic resonance imaging (MR-DWI) in
TGA patients (Sect. 5.1.2), the former may be more impaired than the latter. They
found impaired recollection in the TGA patients’ memory for words, but no differ-
ence between TGA patients and controls in familiarity-based recognition memory,
suggesting that TGA has selective effects on specific recognition memory sub-
processes, consistent with a dual-process model [25].

Noél et al. studied 19 patients one year after TGA and found that mild antero-
grade memory deficits could be detected. As might be anticipated, patients with
evidence for depression or anxiety (see Sect. 6.3.5) did worse. Although the mild
post-TGA episodic memory disorder may be a consequence of TGA, the authors
suggested that patients’ emotional state might slow recovery processes [26].

Schoberl et al. used sophisticated tests of hippocampal function which indicated
selective and prolonged deficits in allocentric (hippocampus-dependent) spatial
navigation in patients following TGA, suggesting that damage had occurred within
hippocampal circuits [27].

Fewer follow-up studies have been reported in possible variants of TGA (see
Sect. 2.3 for descriptions of these phenotypes). Neuropsychological evaluation in
transient topographical amnesia (TTA; Sect. 2.3.1) 6-12 months after recovery
showed normal performance in all tasks but lower performance compared to con-
trols in a test of spatial (geographical) orientation, but it was not known whether this
deficit predated the TTA events [28]. One patient in the series of patients with TTA
reported by Naranjo-Fernandez et al. [29] developed dementia six years after the
acute episode.

In view of the mild impairment in verbal memory following TGA reported in
some studies, the possibility that these patients may be at risk for long-term cogni-
tive decline, manifesting as mild cognitive impairment or dementia, has been exam-
ined (Sect. 6.3.1).

6.2 Recurrence

In one of the earliest published reports of TGA, Morris Bender described isolated or
single episodes of confusion with amnesia [30] and later emphasised the absence of
recurrence [31]. However, the possibility of recurrence of TGA was mentioned in
the early literature, for example by Guyotat and Courjon [32] and by Fisher and
Adams [33]. However, it was the paper by Lou in 1968 which first made the possi-
bility of recurrence of TGA explicit, although at least one patient in this series was
almost certainly having ischaemic events [34].

Many subsequent reports of recurrent TGA have appeared (although not all can
be accepted as such, especially those predating widespread application of Hodges
and Warlow’s 1990 diagnostic criteria [35]). Accounts include recurrence
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associated with sexual activity [36-38], at high altitude [39], as well as detail from
the patient’s perspective [40]. Recurrence has also been reported in transient topo-
graphical amnesia (TTA), a possible variant form of TGA (Sect. 2.3.1). Occurrence
of up to three episodes was noted in 3/10 patients [41], with a mean number of
episodes of 1.75, range 1-3 [29], although some patients are reported to have many
episodes over many years [42].

6.2.1 Annual Recurrence Rate

Although numbers of studies have cited a “recurrence rate” for TGA, fewer have
taken into account the duration and extent of patient follow-up and are thus able to
calculate an annual recurrence rate (Table 6.1). These are for the most part prospec-
tive studies, and their findings suggest an annual TGA recurrence rate of around
3—6%. Mueller reviewed eight “representative” studies from the literature encom-
passing 622 TGA patients and 122 patients from a personal survey to produce a risk
of recurrence of 3.4%/year [8].

Low recurrence rate is one factor which may assist in the differential diagnosis
of TGA from transient epileptic amnesia (TEA) and from transient ischaemic attack
(TTA) (see Table 3.3). Although occasional patients undoubtedly do suffer recurrent
episodes of TGA (Case Study 2.1) [45], frequent recurrence of events labelled as
TGA should certainly prompt careful diagnostic consideration, and possibly con-
cern, for example the case reported by Rumpl and Rumpl [46], also associated with
epileptic seizures, unilateral visual loss, hemiparesis and dysarthria (see also [47,
48]). Questions about the differential diagnosis, especially from epilepsy, may need
to be reassessed (e.g. [49, 50]).

6.2.2 Recurrent TGA

Do patients with recurrent (definite or pure) TGA differ from those who experience
only a single episode? A number of lines of evidence, both clinical and radiological,
suggest this possibility, although the caveats concerning adequate differentiation
from TEA must be borne in mind when assessing these accounts.

Table 6.1 Reports of annual recurrence rates of TGA

Reference Study location Annual recurrence rate
Hinge et al. (1986) [5] Danish multicentre 4.7%

Hodges (1991) [22] Oxford, UK ca. 3%

Toledo et al. (2005) [43] Barcelona, Spain 4.4%

Quinnette et al. (2006) [44] Caen, France 5.8%
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Gallassi et al. undertook neuropsychological tests in patients with single (n = 31)
or multiple (n = 10) TGA episodes compared with matched controls (n = 41) and
found that patients with multiple attacks showed more impairment in tasks address-
ing memory and visuoperceptual abilities than patients with single attacks who
showed only immediate and long-term verbal memory impairments with respect to
controls [51].

Lampl et al. found that acute brain hypoperfusion seen on SPECT imaging (Sect.
5.2.1) in 16 TGA patients returned to normal after 3 months in those patients expe-
riencing a first episode of TGA, whereas perfusion remained abnormal at 3 and
12 months in three patients with recurrent TGA [52].

Toledo et al. compared “unique-TGA” cases (n = 98) with “recurrent-TGA”
cases (n = 26) and found that the latter had the same vascular risk factors (Sect.
7.11) as a comparison group of TIA patients. Moreover, the recurrent-TGA patients
had a significantly more frequent history of stroke and a trend to suffer new isch-
aemic events than patients in the unique-TGA group, prompting the authors to sug-
gest that recurrent TGA should be considered a manifestation of ischaemic
cerebrovascular disease [43]. However, in a later study these authors revised their
view, finding no perfusion abnormalities, arterial stenoses or underlying cardioem-
bolic disease in a series of 28 TGA patients [53].

Agosti et al. studied 85 TGA patients recruited over a 3-year period of whom 73
had a single episode and 12 (14.1%) had two episodes. A risk factor sum of recog-
nised TGA triggers was calculated for each patient and this was higher for the recur-
rent group, who also had a higher frequency of carotid atheroma (41.8% vs. 15.1%,
p <0.05) and ischaemic heart disease (6.8% vs. 3.3%, p < 0.02) [54].

A magnetic resonance imaging study of TGA patients (n = 27) looking at
diffusion-weighted abnormalities in the hippocampus (Sect. 5.1.2) found these in
nine patients, with a higher association observed in patients with a second TGA
attack compared to a first event. These authors concluded that patients with recur-
rent TGA had a significantly higher association of reversible MR-DWI abnormal-
ity [55].

Moon et al. undertook diffusion tensor imaging (Sect. 5.1.3) in seven patients
with recurrent TGA and fourteen with single-episode TGA to examine the hypoth-
esis that the former might have more disrupted structural connectivity and hence
greater pre-existing vulnerability to TGA attacks. The study found no disruptions in
the structural connectivity of the memory pathway in recurrent-TGA patients, sug-
gesting that repeated hippocampal lesions associated with TGA do not affect the
microstructure of the brain [56]. However, volumetric analyses (Sect. 5.1.3) have
suggested the possibility of network alterations in connectivity in recurrent TGA
[57, 58].

Summarising these disparate studies, there does appear to be some tentative, but
not uniform, evidence that prognosis following recurrent TGA may differ from that
following single-event or unique TGA, being less benign. Whether this subgroup
can be recognised from the outset, i.e. after their first episode, on the basis of risk
factor profiles or biomarkers, remains to be determined, but this might have implica-
tions for management.
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6.2.3 Possible Risk Factors for Recurrent TGA

Are there specific risk factors for recurrence of TGA? Morris et al. examined over
1000 patients with TGA, of whom 13.7% had had at least one recurrence (maxi-
mum 9). They found a significant difference in age at first TGA episode between
individuals with a single-episode (65.2 + 10.0 years) compared to those with recur-
rent episodes (58.8 = 10.3 years). In addition, a personal or family history of
migraine was more prevalent in recurrent compared to isolated cases [59].

Alessandro et al. [60] reported that 8% of 203 TGA patients seen in Buenos
Aires had a recurrence over a mean follow-up of 24 months. A personal history of
migraine was more frequent in patients with than without recurrence.

Tynas and Panegyres followed up a cohort of 93 TGA cases of whom 16% had
recurrence. Risk factors for recurrence were depression, previous head injury and a
family history of dementia. Typical MR-DWI changes, observed in 24 patients,
were not associated with outcomes in this patient cohort [61].

In a cohort of 70 TGA patients followed up for mean of 16.5 months, Oliveira
et al. found TGA recurrence in 27%, and associated with female sex, depression,
shorter duration of TGA episode and hippocampus hyperintensity on MR-DWI
(although only 5 patients in the cohort had this change). Of these, a history of
depression was the most important predictor [62].

Ganeshan et al. reported recurrence in 13/126 patients in their study, with no dif-
ference in percentage recurrence between those patients with and without additional
non-hippocampal (silent) ischaemic lesions [63].

A systematic review by Liampas et al. found evidence for a relationship between
recurrence risk and a personal or family history of migraine and a personal history of
depression. Weaker evidence was found for a relationship with family history of
dementia, personal history of head injury and MR-DWI hippocampal lesions.
However, no relationship was found with EEG abnormalities, impaired jugular venous
drainage, cardiovascular risk factors, atrial fibrillation or cardiovascular events [64].

6.2.4 Is Family History of TGA a Risk Factor
Jor Recurrent TGA?

A small number of patients reported in the TGA literature give a history of TGA
episodes in other family members (Sect. 7.8). A patient reported from the author’s
clinic who had recurrent TGA and whose father reportedly also had recurrent TGA
prompted the question as to whether or not a positive family history of TGA is a
risk factor for recurrent-TGA episodes [65]. Following this publication, the author
has received emails from other families with recurrent and familial TGA [66],
which are summarised along with cases reported in the published literature in
Table 6.2.
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Table 6.2 Reports of familial cases of TGA with history of TGA recurrence (see Table 7.3 for
reports of familial TGA cases)

Reference

TGA patient details

Recurrence history

Corston and Godwin-
Austen (1982) [67]

Four male siblings, aged in 60s and
70s; three had TGA attacks in the
context of exercise

2-3 attacks each

Munro and Loizou
(1982) [68]

Two siblings (M:F) and their father,
in 50s to 60s

2 attacks in index case (M), 3 in
father

Dupuis et al. (1987)
[69]

Twin sisters (probably
monozygotic), attacks in 60s

2 attacks in first sister, aged 64
and 69, both attacks followed by
severe migraine

Vyhnalek et al. (2008)
[70]

Male, father and sister. Proband
had migraine without aura from
adolescence; no migraine in father
or sister

Male had 2 episodes aged 52 and
54. Father and sister had single
episodes

Segers-van Rijn and
de Bruijn (2010) [71]

Four siblings (3F:1M) and possibly
their mother, attacks after exercise
(3) and air travel (1), and on
birthday; attacks between 50s and
70s

One of the female siblings had
history of two episodes

Maggioni et al. (2011)
[72]

Two monozygotic twin brothers
aged 50 and 49 at onset

Elder brother had 5-6 attacks per
year during migraine without aura
(MO) attacks; younger had four
episodes all during MO

Larner 2017 [65]

Male; father also reportedly had
TGA

Index case had two episodes, aged
61and 64; father 2-3 episodes
(uncertain)

Larner (2018) [66]

Two male siblings and their mother

Younger male sibling had three
events, aged 60, 63, 66, first two
after exercise (cycling)

Larner (2018) [66]

Two female siblings, both had
history of migraine

Younger female sibling had two
events, aged 54 and 55, second
after sexual activity. Older sibling
had single event, aged 60, after
sexual activity

Larner (2019)
(unpublished, personal
communication)

Three siblings (1F:2M)

Female had 3 events aged 63, 68,
70, first after emotional upset,
second after exercise. Single
events in male siblings

In addition, Dupuis et al. [73] reported (in abstract) a higher recurrence rate (and
history of migraine) in those TGA patients with a positive family history of TGA
(21) compared to the whole cohort of 219 patients (24% vs 12.6%) seen over an
extended period of time (1999-2016). Morris et al. reported a family history of
TGA in 1.3% of their cohort with single-episode TGA and in 2.8% with recurrent
TGA [59]. Liampas et al. found no relationship between TGA recurrence and fam-
ily history of TGA [64]. However, given that both familial history and recurrence of
TGA are likely to be underascertained, this possible link may merit further exami-
nation in prospective population-based studies.
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6.3 Future Risk

Generally, TGA has been regarded as a benign event with respect to long-term prog-
nosis. But in light of some of the aforementioned clinical and imaging findings
(Sects. 6.1 and 6.2), it is pertinent to ask whether or not an episode or episodes of
TGA may put patients at risk for future neurological problems. In other words, is
the long-term prognosis of TGA entirely benign or not? This has been examined
particularly for cognitive decline, stroke and epilepsy.

6.3.1 Cognitive Decline: Dementia and Mild Cognitive
Impairment (MCI)

Because cognitive decline becomes increasingly prevalent with ageing, it is not sur-
prising to encounter patients with cognitive impairment who have a prior history of
an episode of TGA (especially so in view of the typical age at which TGA occurs;
Sect. 7.4), without there necessarily being an implication that subsequence is con-
sequence (see Case Studies 6.1 and 6.2), or in other words that dementia is “present-
ing” as TGA [74].

Case Study 6.1: Dementia Subsequent, but not Consequent, to TGA

A 73-year-old man was referred with a two-year history of progressive mem-
ory difficulties, corroborated by family members. On the Mini-Mental State
Examination, he scored 22/30 and on the Addenbrooke’s Cognitive
Examination-Revised 60/100. MR brain imaging showed bilateral temporal
lobe atrophy. A diagnosis of Alzheimer’s disease was made. Nine years ear-
lier, he had had an episode of memory loss after going for a swim one morn-
ing whilst on holiday, with resolution after about 7 h. He was subsequently
well. A diagnosis of TGA had been made. He had no further amnesic episodes
or memory issues until the onset of his progressive memory problems seven
years later, which was felt to be entirely distinct from his previous epi-
sode of TGA.

Case Study 6.2: Subjective Memory Complaint Subsequent, but not
Consequent, to TGA?

A 72-year-old academic complained of difficulties recalling peoples’ names
and their associations, perhaps dating back a couple of years. Her concerns
stemmed in part from the family history of Alzheimer’s disease in her mother
with onset in her late 70s. Furthermore, the patient had had an episode of
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transient global amnesia for which she had been briefly hospitalised some
nine years earlier. She reported that brain imaging had not been undertaken at
that time, but pursuing the clinical records proved this not to be the case (pre-
sumably a reflection of her acute amnesic state), she had had a CT brain scan
which was normal. She now scored at ceiling on both the Montreal Cognitive
Assessment and the Mini-Addenbrooke’s Cognitive Examination.

However, since TGA likely represents functional change in the hippocampus
(Sect. 9.7), as suggested by diffusion-weighted magnetic resonance imaging (Sect.
5.1.2), is it possible that TGA might predispose to future hippocampal pathology?

Nausieda and Sherman reported dementia in 6% of 32 TGA patients followed up
for 3 years [9]. Gandolfo et al. reported only 3 of 102 TGA patients with intellectual
deterioration in a prospectively identified group followed up for a mean of
82 months [4].

One study has suggested that TGA may be a risk factor for the syndrome of mild
cognitive impairment (MCI). Although MCI has been variously defined, it may rep-
resent a prodromal phase of dementing disorder, most frequently Alzheimer’s dis-
ease. Borroni et al. undertook neuropsychological assessment in 55 TGA patients at
least one year after the attack and also in 80 age-matched controls, finding worse
performance on tests evaluating verbal and non-verbal long-term memory and
attention in the former group but with comparable global cognitive functions [1].
Applying then current criteria for amnestic MCI (aMCI; [75]), nearly one-third of
the TGA subjects (18/55 = 32.7%) fulfilled the criteria. It was concluded that objec-
tive memory deficits fulfilling aMCI criteria may persist over time in TGA patients
[1]. To my knowledge, no subsequent study has been reported which corroborates
this finding.

Arena et al. followed up 221 TGA cases for a mean of 12 years and found no
evidence of increased risk of subsequent cognitive impairment compared to a
matched control group [76].

The systematic review of long-term TGA prognosis reported by Liampas et al.
found contradictory results for dementia, with evidence for both a similar and
increased risk compared to healthy controls [14]. Hence, the issue of long-term
cognitive outcome in TGA requires further long-term follow-up studies in large
cohorts, which might also profitably address whether or not cognitive outcomes dif-
fer between patients with single-episode and recurrent TGA.

6.3.2 Cognitive Decline: Progressive Aphasia

Graff-Radford and Josephs reported three patients diagnosed with primary progres-
sive aphasia (PPA) who had had episodes of TGA prior to their presentation with
linguistic problems and speculated that the conditions might be related [77]. Of
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possible relevance, all three patients had recurrent attacks of TGA (Sect. 6.2.2).
This paper prompted a response from Nitrini and colleagues [78] drawing attention
to an abstract they had published some years previously describing two patients
with the semantic variant of PPA (or semantic dementia) who had both had recur-
rent episodes of TGA prior to the development of aphasia, in one case predating it
by 7 and 6 years ([79], p.332, Abstract 34). I am not aware of any further publica-
tions on this possible association and have not observed it in any patient in my TGA
case series, or examples of prior TGA in patients with progressive aphasia syn-
dromes. Hence, Glannon’s assertion that “a significant number of people diagnosed
with TGA ... have been subsequently diagnosed with primary progressive aphasia”
([80], p.64) does not currently bear scrutiny.

6.3.3 Stroke

In light of the generally favourable vascular risk factor profile in TGA patients as
compared to TIA patients (Sect. 7.11), future stroke risk in TGA patients may be
anticipated to be low. Miller et al. found no increased risk for subsequent stroke in
their report of 277 TGA patients with average follow-up of 80 months [7]. Gandolfo
et al. reported only four instances of stroke in 102 TGA patients identified in a pro-
spective study and followed up for a mean of 82 months [4]. Hodges [22] and
Pantoni et al. [10] found a lower risk of stroke at follow-up in TGA compared to
TIA patients. Arena et al. [76] found no evidence of increased risk of subsequent
cerebrovascular events in 221 TGA patients followed up for a mean of 12 years in
comparison with a matched control group. The systematic review of TGA prognosis
by Liampas et al. found similar vascular (and mortality) risks in TGA and healthy
controls [14]. Of course, these reassuring data do not obviate addressing vascular
risk factors in TGA patients should they be identified.

Recently, however, a propensity-matched cohort study from Korea (>10,000
patients) has suggested an increased risk [81], in direct contradiction to the findings
of another propensity-matched study from the USA (>21,000 patients) [82].
Attempting to explain these differences, Romoli and Muccioli noted the increased
frequency of cardiovascular risk factors in the American population and the female
predominance in the Korean cohort, with risk emerging over longer follow-up [83].
This subject area remains one of active research.

6.3.4 Epilepsy

The Oxford TGA study reported that 7% of patients with apparent TGA subse-
quently developed epilepsy, usually of complex partial type ([22],
p-41,46-7,56,121,123,124-5137). This suggested to the investigators that the origi-
nal “TGA” attacks were in fact due to seizures. Another possible explanation is that
TGA attacks may predispose to epileptic attacks as a consequence of microstructural
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damage to the hippocampus (Sect. 3.2.2). The occasional emergence of TEA in
patients with prior episodes of TGA (Sect. 3.2.2) might also be pertinent to this
argument.

Although the case—control study of Arena et al. did not suggest any increased
risk of subsequent epileptic seizures in TGA patients followed up for a mean of
12 years [76], a population-based cohort study has reported an association of TGA
with increased long-term risk of epilepsy. The adjusted hazard ratio for epilepsy in
TGA cohorts was 6.50 (95% confidence interval 1.87-22.68, p = 0.003) compared
with non-TGA cohorts after adjusting for age, gender and comorbidities [84]. A
systematic review of long-term TGA prognosis could not exclude an increased risk
of epilepsy in TGA patients [14].

6.3.5 Depression

The finding of depression as a risk factor for recurrent TGA [61, 62] was previously
mentioned. In a population-based cohort study, Hsieh et al. found no increase in the
long-term risk of depression in TGA patients versus matched non-TGA subjects
(adjusted hazard ratio 1.67; 95% confidence interval 0.85-3.25, p = 0.139) [85].
Whilst TGA patients may have anxious personality traits (Sect. 7.10) and experi-
ence depressive mood during an attack (Sect. 2.1.2), long-term risk for depression
does not appear to be increased.

6.4 Management

Once the diagnosis of TGA has been established, there is no specific treatment other
than patient explanation and reassurance. As TGA episodes are self-limiting, there
is no indication for acute medication.

Future management is expectant, since there is currently no compelling evidence
of increased risk of future stroke, epilepsy or other cognitive impairments (see Sect.
6.3). No specific lifestyle advice is indicated, unless attacks have come on during
specific activities (e.g. exercise) which might be avoided or moderated.

6.4.1 Driving

A particular management issue relates to driving after TGA. Advice to stop driving
is not infrequently issued by clinicians unfamiliar with TGA who encounter these
patients, probably because of concerns about stroke and epilepsy [86].

Different jurisdictions have different rules relating to fitness to drive, which
should be consulted and adhered to. In the United Kingdom, the Driver and Vehicle
Licencing Authority (DVLA) has placed no restriction on driving following a single
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episode of TGA, and there is no statutory obligation to inform DVLA following a
single episode [87], and this remains the case at time of writing (31/12/2021). This
contrasts with previous DVLA recommendations, prior to 1991, in which TGA was
regarded as equivalent to TIA and driving for 3 months was not permitted ([22], p.59).

Reports of patients driving safely over long distances during attacks of TGA (e.g.
[88, 89].), sometimes referred to as the “unconscious driving phenomenon” (see
Case Study 3.3), may be taken to indicate that driving skills, an aspect of procedural
memory, are not impaired. Memory impairment does not necessarily impair most
aspects of driving performance, as shown by a study of two experienced drivers
with bilateral hippocampal lesions causing severe amnesia [90].

6.4.2 Pharmacotherapy

The low recurrence rate of TGA, meaning that most patients suffer only a single
attack, currently obviates routine prophylactic treatment, although one report claim-
ing successful prophylaxis with a beta-blocker, metoprolol, has appeared [91].
Recurrent-TGA attacks following withdrawal and change of beta-blocker therapy
for migraine has also been reported [70]. In a patient reported to have 5-6 TGA
attacks per year during attacks of migraine without aura, verapamil and valproate
were said to reduce the frequency of TGA [72].

It may be that those with recurrent TGA do require more than simple reassur-
ance, but further studies will be required to address this question.

6.5 Summary and Recommendations

Generally, TGA is a benign condition and patients can be reassured about long-term
outcome. Nevertheless, some deficits in verbal memory, beyond the amnesia for the
attack itself, and in spatial navigation may persist although the practical conse-
quences seem to be few. Long-term risk of dementia remains uncertain. There is a
distinct but low recurrence rate for TGA to which migraine may predispose. Some
patients may develop partial epilepsy but whether this reflects initial misdiagnosis
or the consequence of TGA remains to be fully defined. Further studies focussing
particularly on outcome in patients with recurrent TGA are required.
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Chapter 7
Epidemiology of TGA (1): Possible
Predisposing Factors

Abstract This chapter examines factors identified in clinical and epidemiological
studies as predisposing to episodes of TGA. None of these factors is either neces-
sary or sufficient for the occurrence of TGA. Nevertheless, the more consistently
implicated predisposing factors, such as a personal history of migraine, may give
insights into disease pathogenesis. Precipitating factors for TGA are considered in
the subsequent chapter.

Keywords TGA - Incidence - Predisposing factors

A number of factors have been described which though temporally remote from the
onset of an attack of TGA may nevertheless predispose to it (i.e. increase the chance
or risk of its occurrence). Of the reported predisposing or risk factors for TGA,
some are more certain than others, based on the existing evidence.

7.1 Incidence

As a transient condition, of duration less than 24 h (if concordant with clinical diag-
nostic criteria [1] (see Table 2.1), no meaningful data on TGA prevalence can be
collected, rather only incidence.

A limited number of studies of TGA incidence have been reported (Table 7.1)
[2—-10], most population-based [2—6, 8, 10] but some based on experience at a single
centre [7, 9]. Annual incidence rates in these studies range between 2.9 and
12/100,000 of the population. The highest of these measures was recorded at Davos,
Switzerland, located at relatively high altitude, prompting the suggestion that low
temperature might contribute to TGA pathogenesis [9] (see Sect. 8.3). Govoni et al.
noted a statistically significant difference in incidence rates with level of urbanisa-
tion and population density, prompting the suggestion that the stress related to urban
living might contribute to pathogenesis [10] (see Sect. 7.10). Of course, one may
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Table 7.1 Incidence studies of TGA

Reference Study location Annual incidence Sex-specific incidence
Miller et al. Rochester, 5.2/100,000 -

(1987) [2] Minnesota, USA

Koski and Turku, Finland 10/100,000 (32/100,000 amongst | —

Marttila (1990) those >50 years)

[3]

Hodges (1991) | Oxford, UK 3/100,000 -

([4], p-13)

Matias-Guiu Alcoi, Spain 2.9/100,000 -

et al. (1992)
[3]

Lauria et al.

Belluno, Italy

10.4/100,000 (crude); 8.6/100,000

9.35/100,000 for men;

(1997) [6] (adjusted); 5.81/100,000 11.37/100,000 for
(retrospective study) women

Berli et al. Uster Hospital, 6.8/100,000 -

(2009) [7] Switzerland

Brigo et al. Merano, province | 9.6/100,000 (crude); 6.4/100,000 | 10.1/100,000 for men;

(2014) [8] of Bolzano, Italy | (adjusted) 8.9/100,000 for

women

Erba and Regional 12/100,000 -

Czaplinski Hospital, Davos,

(2017) [9] Switzerland

Govoni et al. Ferrara, Italy 10.10/100,000 (crude) 8.40/100,000 for men;

(2020) [10]

11.60/100,000 for
women

posit alternative explanations for these observations, such as underascertainment of
cases in rural areas with less readily available access to medical services.
Only limited data on sex-specific incidence rates are available (Table 7.1), per-

mitting no definitive conclusion as to whether this is greater in men or women. For
example, the gender difference observed by Govoni et al. was not statistically sig-
nificant [10].

7.2 Chronobiology: Time of Onset by Day, Month
and Season

Quinette et al. reported a peak of TGA occurrence in spring and summer in their
literature review (n = 46), but in their own cohort they found TGA episodes were
distributed evenly throughout the year [11].

Keret et al. [12, 13] examined the seasonal incidence of TGA cases seen in a single
tertiary care centre in Israel. Initially, they reported (in abstract) a series of 86 TGA
patients (F:M = 54:32, 63% female; mean age 61 + 10.3 years) seen over the period
2005-2013, in whom they found two incidence peaks, in November—December and
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in March [12]. In a later, substantive, paper, the time frame was broadened to 15 years
(2000-2014), in which period 154 TGA patients were seen (F:M = 91:63, 59%
female; mean age 62.8 + 10.6 years), with incidence peaks in winter (December) and
spring (March) [13]. The authors concluded that seasonal factors might contribute to
TGA pathogenesis.

Govoni et al. found TGA cases to be evenly distributed by month and season in
their incidence study [10].

Hoyer et al. [14] analysed data from two large TGA cohorts (n = 404 and 261,
respectively) and found no variation of TGA occurrence by day of the week, month
or season of the year, in contrast to a robust circadian rhythm of incidence (mid-
morning, late afternoon) (Sect. 2.1.3).

In the author’s series, TGA seasonal incidence has been examined in two ways:
by meteorological season (for the northern hemisphere: Spring = March—-May;
Summer = June—August; Autumn = September—November; Winter = December—
February) and by quarter of the year (Ql = January—March; Q2 = April-June;
Q3 = July—September; Q4 = October—December) approximating to the astronomi-
cal seasons, defined by the solstices and equinoxes, as in the Gregorian calendar
(Fig. 7.1a, b respectively; updated from [15, 16]). The null hypothesis that cases did
not differ by either season or quarter was not rejected.

Rather than season per se, ambient temperature might be a predisposing and/or
precipitating (see Sect. 8.3) factor for TGA. One study suggested an association
between TGA occurrence and low ambient temperature [17]. Cases of TGA related
to high altitude [9] might also reflect a relationship to ambient temperature.

7.3 Place of Onset: Geographical Distribution

Cases of TGA have been reported from all the inhabited continents of the world,
even remote locations such as Polynesia [18]. There do not appear to be any geo-
graphical “hot-spots” of high incidence, but to the author’s knowledge, no system-
atic study of population-based prevalence has been undertaken.

It has been reported that TGA (and migraine) is more common in Latin American
patients with the antiphospholipid syndrome (APS+) than in European APS+
patients [19].

7.4 Patient Age

Most studies find that TGA is typically a condition of mid-life, particularly affecting
those in their 50s and 60s, and distinctly unusual at earlier ages (<40 years;
Table 7.2).

In the survey of the author’s experience (n = 50), median patient age was
64.8 years (Fig. 7.2). Those acute amnesic patients excluded for not conforming to



116 7 Epidemiology of TGA (1): Possible Predisposing Factors

Spring Summer Autumn Winter

Q1: Jan-March Q2: April-dune Q3: July-Sept Q4: Oct-Dec

Fig. 7.1 Distribution of consecutive cases fulfilling diagnostic criteria for TGA (n = 50) seen in
author’s clinic over 20-year period (2002-2021). (a) by meteorological season (Northern
Hemisphere) of presentation (Spring = March—May; Summer = June—August; Autumn = September—
November; Winter = December—February). (b) by quarter of presentation (Q1 = January—March;
Q2 = April-June; Q3 = July—September; Q4 = October—December)

Hodges and Warlow’s diagnostic criteria [1], and not definitely diagnosed with TEA
based on Zeman’s criteria [29], were slightly younger (median 62.2 years; Fig. 7.3).
In the Oxford TGA study, non-TGA cases were non-significantly younger than defi-
nite TGA cases (mean age 60.8 vs 62.3 years) ([4], p.113—4, Fig. A.2).
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Table 7.2 Age and gender of TGA patients (selected reports)
Reference N Age (years) Gender
Hodges and Warlow | 114 prospective, single clinic (UK) 62.3 £ 8.5 (range | 66% male
(1990) [1] 35-85)
Hodges and Warlow | 752 literature review 61.2 (range 53% male
(1990) [1] 20-92)
Quinette et al. (2006) | 142 prospective, single clinic (France) | 63.9 + 8.3 (range | 33.1%
[11] 32-81) male
Quinette et al. (2006) | 246 (age) 60.3 £9.6 (range | 46.4%
[11] 1333 (gender) literature review 21-85) male
Berli et al. (2009) [7] | 20 retrospective, single centre 67 £ 7.3 (range 60%
(Switzerland) 58-86) female
Agosti et al. (2010) 243 consecutive enrolment, 2 hospitals | 64.0 = 8.3 44.9%
[20] (Italy and Lebanon) female
Ahn et al. (2011) [21] | 203 retrospective, single centre (South | 60.1 +9.3 41.4%
Korea) male
Ryoo et al. (2012) 73 single centre (South Korea) 59.7 £9.5 (range | 72.6%
[22] 43-76) female
Dohring et al. 113 65.4+7.6 54.9%
(2014) [23] single centre female
(Germany)
Keret et al. (2016) 154 retrospective, hospital data (Israel) | 62.8 + 10.6 41% male
[13]
Arena et al. (2017) 221 epidemiology database for single | 65.6 +12.2 50.2%
[24] county (USA) female
Alessandro et al. 203 65 (20-84) 52%
(2019) [25] single centre (Argentina) female
Higashida et al. 261 65.3 £ 8.6 61%
(2020) [26] databases of four medical centres female
(Japan)
Morris et al. (2020) 1044 750+ 11.5 55.1%
[27] retrospective, single centre (USA) male
Szabo et al. (2020) 390 prospective, single centre 66.1 7.8 (range | 39.5%
[28] (Germany) 37-86) male
Larner (2022) 50 64.8 £6.9 (range | 58%
prospective, single clinic (UK) 47-78) female
Fig. 7.2 Age and gender 18 -
distribution of consecutive 161 mFemale]
cases fulfilling diagnostic oMale
criteria for TGA (n = 50) 141
seen in author’s clinic over 12+
20-year period 101
(2002-2021) g |
6 B
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Although cases of TGA have been reported in young people (e.g. [30-35]), these
are rare, and some predate diagnostic criteria so that caveats about the diagnosis
apply (Sect. 1.3 and Sect. 2.2.2). Some have occurred in the context of exercise [33,
35], others in the context of migraine [30, 35]. An adolescent with two episodes
labelled as TGA precipitated by emotion had temporal and occipital lobe embolic
infarction in the context of congenital heart disease [34], raising the possibility of
epileptic events. Certainly, the differential diagnosis requires careful consideration
in patients under 40 years of age who are suspected of having TGA, and should
include the possibility of acute confusional migraine [36] (Sect. 3.4.1; Case
Study 3.3).

Cases of TGA are rarely reported in the oldest old people (>80 years). It is not
clear whether this is simply underascertainment, against the background of the
increasing prevalence of memory disorders in older people, or whether the elderly
oldest old people are in some way protected from TGA, mechanism(s) unknown
(see Sects. 9.4 and 9.7.6).

7.5 Patient Gender

The precise distribution of TGA by gender is uncertain, with different findings in
different studies (Table 7.2). For example, in Hodges and Warlow’s series of 114
patients, males outnumbered females [1], whereas Quinette et al. found no signifi-
cant gender difference when pooling 1333 patients reported in 52 published case
studies and 34 group studies (46.4% male, 53.6% women; ¥2 = 0.48; df = 1;
p =0.49), although in their own series of 142 cases there was a 2:1 F:M preponder-
ance (66.9% female, 33.1% male) [11].

A four-year survey (2002-2005 inclusive) of the author’s practice [37] identified
eight cases fulfilling diagnostic criteria for TGA, all of whom were female (age
range 48-71 years). The preponderance of female cases was confirmed when the
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survey was extended to 6 years (F:M = 10:1 = 91% female) [38], 9 years
FM = 11:5 = 69%) [39], 12 years (F:-M = 14:10 = 58%) [40], 15 years
(F:M = 20:14 = 59%) ([16], p.99), and at 20 years, the ratio was F:-M = 29:21 (=
58%; Fig. 7.2). The falling ratio may indicate that the initial female preponderance
was simply a chance observation associated with the small number of cases seen.

7.6 Patient Ethnicity

There do not seem to be any studies specifically addressing the role of patient eth-
nicity in the pathogenesis of TGA. It has certainly been reported from around the
world, including relative geographical isolates such as Polynesia [18]. A nationwide
inpatient sample analysis from the USA, including nearly 50,000 TGA patients,
explored race-specific variables associated with TGA and reported that the odds of
being diagnosed with TGA was lower for African Americans, Hispanics and Asians/
others compared to Whites [41].

7.7 Patient Social Class

Hodges found no definite evidence of differences in TGA cases according to social
class, although there was a non-significant difference in the proportion of patients
from social class I ([4], p.15).

7.8 Family History of TGA

TGA has generally been considered as a sporadic condition. Although there is no
suggestion that it has a monogenic Mendelian pattern of inheritance, nevertheless
occasional familial clusters have been reported in the literature (Table 7.3). Hodges
and Warlow suggested that the overall rate of familial TGA in their series was 1.75%
(95% confidence interval = 0%—-4.2%) [1].

Most familial reports have involved siblings (Table 7.3; Case Study 7.1), with
two sets of twins (one monozygotic [51], the other probably so [45]), with only
occasional definite [43, 47, 49, 57] or possible [1, 48, 56] instances of parental
involvement. Only one account of familial involvement with more distant relatives,
specifically a proband whose two aunts were apparently affected [52], has
been found.
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Case Study 7.1: Family History of TGA

Following a previous publication on the subject of familial TGA [56], the
author was contacted by a family from western Canada with a family history
of TGA. A 61-year-old woman had an episode of amnesia following a bike
ride and during a period of emotional stress. Features were typical for TGA. CT
brain scan and CT angiogram of the circle of Willis performed on the same
day were both normal. There was no recurrence over the next five years.
However, at that time her 60-year-old brother had an episode of TGA. After
skiing, he took a chairlift to ascend, but on getting off had no recollection of
the ride up or where he was. He knew who he was but had no understanding of
why he was on a mountain. He repeatedly asked where his wife was. From the
time on the chair lift to when he started to retain short-term memory was

approximately 1 hour. There was no personal or family history of migraine.

Table 7.3 Reports of familial cases of TGA and their history of migraine (adapted and updated
from [16], p.100-1) (see Table 6.2 for reports of recurrent TGA in these cases)

Reference

TGA patient details

Migraine history

Corston and Godwin-
Austen (1982) [42]

Four male siblings, 23 attacks
each, when aged in 60s and 70s.
Three-fourth had TGA attacks in
context of exercise

None

Munro and Loizou
(1982) [43]

Two siblings (F:M) and their father,
one to three attacks in 50s to 60s

Not commented on

Stracciari and Rebucci
(1986) [44]

Two siblings (F:M), attacks in 70s
and 50s respectively, latter
associated with exercise on a windy
day

Both had prior history of
migraine, F until menopause, M
in adolescence

Dupuis et al. (1987) [45]

Twin sisters (probably
monozygotic), attacks (2 and 1,
respectively) in 60s

Both migraineurs since
adolescence; both attacks in first
sister followed by severe migraine

Hodges and Warlow
(1990) [1]

60-year-old man; sister, mother, also
affected.

66-year-old woman; brother also
affected

Not specifically commented on

Agosti et al. (2007) [46]

Three female siblings in their 60s,
attacks following emotional upset,
cold shower and sexual intercourse,
respectively

Not commented on

Vyhnalek et al. (2008)
[47]

Male, 2 episodes aged 52, 54. Father
1 episode aged 50; sister 1 episode
aged 52

Proband had migraine without
aura from adolescence; no
migraine in father or sister

Segers-van Rijn and de
Bruijn (2010) [48]

Four siblings (3F:1M) and possibly
their mother, attacks after exercise
(3) and air travel (1), and on
birthday; attacks between 50s and
70s

One of the female siblings had
history of migraine with aura
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Reference

TGA patient details

Migraine history

Galovic et al. (2011)
(abstract only) [49]

4 siblings and their mother; AAO ca.

70 years, all single episodes, several
associated with Valsalva
manoeuvres

Not commented on

Goossens et al. (2011)
(abstract only) [50]

Two sisters, attacks at age 61 and
57, respectively

Both had migraine with aura from
adolescence; elder had headache
at time of TGA

Maggioni et al. (2011)
[51]

Two monozygotic twin brothers
aged 50 and 49 at onset

Elder had 5-6 attacks per year
during migraine without aura (MO)
attacks, frequency reduced by
verapamil and valproate; younger
had 4 episodes all during MO

Davies and Larner
(2012) [52]

Female and two maternal aunts,
attacks in 50s and/or 60s, after
exercise in the index case

Migraine in index case, no
information on other cases

Dupuis et al. (2013)
(abstract only) [53]

7 families

No other details available from
published abstract

Dandapat et al. (2015)
[54]

Two sisters, age 57 (precipitated by
sex) and 71

No history of migraine; older
sister had mild headache at time
of TGA

Dupuis et al. (2017)
(abstract only) [55]

10 families in cohort of 219 patients

History of migraine reported to be
more frequent in familial cases

Larner (2017a) ([16],
p-101) (personal
communication; Case
Study 7.1)

Two siblings (female aged 61, male
aged 60), both associated with
exercise

No history of migraine

Larner (2017b) [56]

Male, 2 episodes aged 61 and 64;
father also reportedly had TGA, 2-3
episodes (uncertain)

No history of migraine

Larner (2017¢)
(unpublished, personal

Two siblings (male aged 60, female
aged 70), both associated with

No history of migraine

communication) exercise

Larner (2018) [57] Two male siblings and their mother. | No personal history of migraine in
(personal Younger male sibling had three male with recurrent events
communication) events, aged 60, 63, 66, first two

after exercise (cycling)

Larner (2018) [57]

Two female siblings. Younger

Both siblings had history of

(personal female sibling had two events, aged | migraine
communication) 54 and 55, second after sexual

activity. Older sibling had single

event, aged 60, after sexual activity
Larner (2019a) Three siblings (1F:2M). Female 3 No personal history of migraine in
(unpublished, personal | events aged 63, 68, 70, first after female with recurrent events
communication) emotional upset, second after

exercise. Single events in male

siblings.
Larner (2019b) Two siblings (1F:1M). Female 2 or 3 migraines about
(unpublished, personal | Female 67, male 55, both exercise 30 years earlier; male 1 migraine
communication) associated (gardening, running). 25-30 years earlier
Larner (2019c) Two female siblings aged 79 and 75. | No history of migraine

(unpublished, personal
communication)
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Summing all these publications from which adequate information is available
(hence excluding [49, 53, 55]), there were 53 patients from 21 families, with a slight
female preponderance (F:M = 30:23, 57% female), with all TGA episodes occur-
ring in the sixth to eighth decades of life (Table 7.3). Although details were incom-
plete, at least 16 (=30%) of these individuals had a history of migraine (11F:5M).
Two (female) patients were reported to have had migraine-type headaches at the
time of or immediately after TGA episodes [45, 50], and two monozygotic male
twins had episodes during attacks of migraine without aura [51]. One man with a
history of migraine without aura dating from adolescence had a first attack of TGA
one month after withdrawal from a beta-blocker (atenolol) prescribed for hyperten-
sion for the previous 5 years [47].

Dupuis et al. [53] also examined the possibility of an hereditary aetiology for
TGA. In a publication appearing in abstract only, they identified 9 families in the
literature and 7 families “reported recently by one of us” (I have been unable to
locate such a report, so presume it must have appeared in abstract only). Six of their
personally observed families were from the same hospital and were compared to a
database of 127 consecutive TGA patients. The 6 families were said to represent
4.7% of 127 TGA cases (with reported 95% CI 1.05%-8.45%), which seems to
imply only 6 cases, so presumably the familial cases were by report rather than by
direct observation.

References to the 9 families in the literature were not given, but I presume them
to be those reported by Corston and Godwin-Austen [42], Munro and Loizou [43],
Stracciari and Rebucci [44], Dupuis et al. [45], Hodges and Warlow ([1], 2 fami-
lies), Agosti et al. [46], Segers-van Rijn and de Bruijn ([48]; co-authors on the
abstract), and Goossens et al. ([50], co-authors on the abstract), but not those
reported by Galovic et al. [49], as these were presented in abstract only, Vyhnalek
et al. [47], as the title of this paper gives “familiar” rather than “familial” TGA, and
perhaps Maggioni et al. [S1], as too recent to be included. Summing all 16 families,
Dupuis et al. reported 41 cases with mean age 61.8 years, 22 female (=53.7%), and
12 migrainous (=29.3%), with migraine and stress as “frequent risk factors”. The
familial cases were reported to be indistinguishable from sporadic cases [53].

Familial cases of transient epileptic amnesia (TEA; Sect. 3.2) have rarely been
reported, and never, to my knowledge, in a substantive paper [58, 59].

Possible genetic contributions to the pathogenesis of TGA are discussed in Sects.
9.5and 9.7.

7.9 Migraine

Migraine may be a symptomatic cause of amnesia, which enters the differential
diagnosis of TGA (Sect. 3.4.1; Table 3.2). This may require particular consideration
in young people with attacks purported to be TGA (for example, acute confusional
migraine; Sect. 7.4). Migraine might also be considered as a precipitating factor for
TGA (Sect. 8.6).
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The possible association between TGA and migraine was recognised early in the
history of TGA (Sect. 3.4.1): for example, Evans in 1966 reported two patients with
attacks suggestive of TGA in the context of a history of migraine [60]. Other pos-
sible early reports include those of Frank (1976; amnesic episodes in migraine,
“Migranedammerattacken”, apparently identical with TGA) [61] and Caplan et al.
in 1981 [62].

Migraine was more common in TGA patients than in both normal and TIA con-
trol subjects in the case—control study reported by Zorzon et al. [63]. A case—control
study by Schmidtke and Ehmsen [64] showed a markedly increased prevalence of
migraine in TGA patients and also of episodic tension-type headache. Quinette
et al. used cluster hierarchical analysis of TGA cases to show that in younger
patients a history of headache may be a risk factor for TGA [11]. Arena et al. fol-
lowed up 221 TGA cases for a mean of 12 years and found that previous migraine
was more common than in a matched control group [24].

A population-based cohort study from Taiwan found that migraine was associ-
ated with a higher risk of TGA. Over 150,000 migraine patients and their matched
controls were followed up for a mean of 3 years, during which time the migraine
cohort had a greater risk of developing TGA than the controls (7.59 vs 3.06/100,000
person-years, incidence rate ratio = 2.48). Female patients with migraine aged
40-60 years had a significantly higher risk of developing TGA (incidence rate
ratio = 3.18). Incidence rates did not differ between migraine patients with or with-
out aura [65].

In a nationwide inpatient sample analysis including nearly 50,000 TGA patients,
patients with migraine were found to have a greater odds ratio (5.98, 95% CI
5.42-6.60) of having TGA [41].

A personal or family history of migraine is associated with, and may therefore be
a risk factor for, recurrent TGA [25, 27, 66, 67]. A relationship to migraine might
potentially explain a female preponderance of TGA cases, if such exists (Sect. 7.5),
since migraine is more common in women. Many of the familial examples of TGA
(Sect. 7.8) had migraine comorbidity (see Table 7.3).

The possible role of migraine in the pathogenesis of TGA is discussed in Sect. 9.4.

7.10 Patient Personality Traits and Psychological Factors

Acute TGA episodes may be associated with symptoms of anxiety and depression
(Sect. 2.1.2) [68]), but whether these behavioural features are simply part of the
acute phenomenology or reflect premorbid psychopathology or personality traits
has been uncertain. Neri et al. found depressive symptoms, assessed by the Geriatric
Depression Scale, in 8 of 20 TGA patients [69]. Inzitari et al. found that TGA
patients scored higher on a scale that measured phobic attitudes than control patients
with TIAs, suggesting that emotional arousal may be involved in TGA [70]. This
may be consistent with the observation of emotional factors as precipitating factors
of TGA (Sect. 8.1).
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An increased frequency of personal and family history of psychiatric diseases
was noted in TGA patients followed up for about 7 years and compared to TIA
controls by Pantoni et al. [71]. Fischer et al. found indications of depressive disor-
ders at the time of onset in 67.9% of a group of 28 TGA patients, compared to
12.5% in 25 TIA patients, prompting the authors to suggest that depressive disor-
ders predispose to TGA, perhaps due to an imbalance in hippocampal neurotrans-
mitters [72]. Quinette et al. found a past history of anxiety/depression in around
20% of the 129 patients in their personally observed series for whom this was inves-
tigated, and found a high frequency of psychological and emotional instability in
TGA patients. They were of the view that TGA in women was associated with a
history of anxiety and a pathological personality [11]. A study by Dohring et al.
found a higher level of anxiety in patients who experienced a stress-related TGA
precipitant compared to both those who did not and to controls, suggesting that
increased susceptibility to psychological stress may be a risk factor for TGA [23].

The possibility that stress related to urban living might account for the differen-
tial incidence of TGA seen with level of urbanisation and population density [10]
has been mentioned (Sect. 7.1), likewise that emotional stress might account for
increased incidence of TGA following the onset of the COVID-19 pandemic [73]
(Sect. 3.5.2).

7.11 Vascular Risk Factors and Stroke

Because of its sudden onset, the possibility that TGA may have a vascular aetiology
has been considered from the time it was first described (Sect. 3.1). Transient isch-
aemic attack (TIA) and stroke enter the differential diagnosis of TGA (Sect. 3.1).
Hence, the examination of vascular risk factors in TGA patients and comparison
with TIA patients has been undertaken in a number of case—control studies.

The Oxford TGA study found no difference in the prevalence of vascular risk
factors between prospectively identified TGA patients and matched controls, but
significant differences with matched TIA controls ([4], p.125-32). In a prospective
case—control study, Zorzon et al. found no evidence of increase in any vascular risk
factor in 64 TGA patients compared with matched TIA patients and normal con-
trols [63].

Retrospective  studies have sometimes reached different conclusions.
Hypertension was noted to be the most common vascular risk factor in one retro-
spective series of TGA cases (11/28) although no vascular risk factor was noted in
about half of the cases [74]. Prevalence of vascular risk factors was found to be
higher in TGA patients than healthy controls by Santos et al. [75]. A retrospective
study of 131 TGA patients seen between 1993 and 2004 found a higher incidence of
hypertension compared to 262 TIA patients, whereas diabetes mellitus, ischaemic
heart disease and cerebrovascular disease were more common in the latter group
[76]. In a cohort of TGA patients identified in the Framingham Heart Study, no
significant differences were observed in the prevalence of vascular risk factors with
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a control group [77]. A retrospective case—control study of 293 TGA patients pub-
lished by Jang et al. found a significantly higher prevalence of ischaemic heart dis-
ease and hyperlipidaemia than in TIA controls, although the latter had a higher
prevalence of hypertension, diabetes mellitus, ischaemic stroke and atrial fibrilla-
tion. TGA patients also had a significantly higher prevalence of hyperlipidaemia,
previous ischaemic stroke and ischaemic heart disease when compared to age- and
sex-matched normal controls [78]. The difference between the findings of studies
with prospective or retrospective design should be noted.

Tuduri et al. found no clinical differences between TGA patients with and with-
out vascular risk factors [79]. Toledo et al. compared “unique-TGA” cases (n = 98)
with “recurrent-TGA” cases (n = 26) and found that the latter had the same vascular
risk factors as a comparison group of TIA patients. Furthermore, the recurrent-TGA
patients had a significantly more frequent history of stroke and a trend to suffer new
ischaemic events than patients in the unique-TGA group, prompting the suggestion
that recurrent TGA be considered a manifestation of ischaemic cerebrovascular dis-
ease [80], but in a later study they appeared to revise their views [81] (see Sect.
6.2.2). Agosti et al. divided TGA patients (n = 243) according to whether or not they
had evidence for internal jugular vein valve incompetence (IJVVI), a factor which
might be relevant to TGA pathogenesis (Sect. 4.3.3.2 and Sect. 9.2.2). TGA patients
with IJVVI showed a higher frequency of precipitating factors but had fewer vascu-
lar comorbidities than TGA patients without IIVVI, suggesting that different mech-
anisms might operate in individual episodes of TGA [20].

In a systematic review, Liampas et al. retrieved 23 observational studies from
which they concluded that diabetes was protective for TGA, dyslipidaemia was not
related, and only severe hypertension was associated [82]. Rogalewski et al. found
that acute hypertensive peaks showed a strong association with TGA [83].

In conclusion, single episode TGA does not seem to share the same vascular risk
factors as TIA but this might not necessarily be the case for recurrent episodes of
TGA. The possible role of vascular pathology, arterial or venous, in the pathogen-
esis of TGA is considered in Sect. 9.2.

7.12 Structural Brain Lesions

Occasional reports associating TGA with the presence of a structural brain lesion
have appeared. These most usually concern brain tumours, but even here the cases
are rare, with one systematic review finding only about 20 cases [40] (Table 7.4). No
cases of brain tumour were encountered in some large series (e.g. [1].). Agosti et al.
would classify such patients as “TGA-b”, in distinction from primary cases (i.e. no
brain lesion seen on neuroimaging) labelled “TGA-p” [100] (see Sect. 2.2.3).
Many of the reports of brain tumour associated with TGA predate widely
accepted clinical diagnostic criteria for TGA, and for this reason, some cases might
be excluded as not conforming to the diagnosis. For example, in one case the amne-
sic episode lasted more than 24 h [84] and in another progressive memory problems
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Table 7.4 Reports of concurrence of TGA with brain tumour (adapted from [16], p.106-8,
and [40])

Patient
Reference details Histology Location
Aimard et al. (1971) [84] | F65 Glioblastoma “Trigone and diffuse”
Hartley et al. (1974) [85] | M62 Chromophobe Pituitary
adenoma
Boudin et al. (1975) [86] |F73 Glioma Posterior limbic system, bilateral
Lisak and Zimmerman M70 Unknown L temporo-parietal
(1977) [87]
Shuping et al. (1980) [88] | M60 Glioblastoma L hippocampus
Findler et al. (1983) [89] | M67 Metastasis Non-dominant hemisphere
Meador et al. (1985) [90] | F47 Meningioma R temporal lobe
Riva et al. (1985) [91] Fo64 Meningioma Olfactory bulb
Collins and Freeman M61 Meningioma R parietal region
(1986) [92]
Matias-Guiu et al. (1986) | M- Unknown R temporal lobe
[93]
Araga et al. (1989) [94] F59 Meningioma Falco-tentorial region
Cattaino et al. (1989) [95] | F47 Meningioma R frontal lobe, ethmoidal
Po and Hseuh (1990) [96] | F65 Meningioma R sphenoid ridge
Sorenson et al. (1995) F58 Astrocytoma R hypothalamus
[97]
Honma and Nagao (1996) | F68 Adenoma Pituitary, complicated by
[98] haemorrhage
Huang and Pai (2008) M67 Unknown L medial temporal lobe
[99]
Agostietal. 2008)n=2 |— Meningioma Falx
[100]
Dinca et al. (2011) [101] | F75 Meningioma R transtentorial (cerebellum to
temporal lobe)
Naet al. (2019) [102] M65 Adenoma Pituitary, extending to L medial
temporal lobe
Turki et al. (2020) [103] | F55 Unknown R frontal lobe

followed a generalised tonic—clonic seizure [88]. One patient was reported to have
six episodes of TGA and on examination had bilateral papilloedema [93]; this case
was criticised as unlikely to be TGA by Hodges ([4], p.30). Caplan [104] had previ-
ously criticised the case reported by Meador et al. on the grounds that the reported
clinical features (two short-lasting and unobserved episodes of loss of awareness)
[90] did not suggest TGA, and Daniel thought the cases of Hartley et al. [85],
Shuping et al. [88] and Honma and Nagao [98], associated respectively with a pitu-
itary tumour, left temporal glioblastoma and chronic haematoma in a parasellar
tumour compressing the right medial temporal lobe, were more likely to be transient
epileptic amnesia (TEA; see Sect. 3.2), the first and last based on repeated episodes
of amnesia ([105], p.187,188). This may also be the case with the patient reported
by Huang and Pai [99] (Sect. 3.2.2).



7.12  Structural Brain Lesions 127

Not all published descriptions of TGA and tumour can be admitted as such. For
example, Ross reported a female patient (Case 3) aged about 65 years as “experienc-
ing transient global amnesia”. She had papilloedema and a right superior homony-
mous quadrantanopia and was eventually found to have a left temporal glioblastoma.
However, the attacks of “unusual behaviour” labelled as TGA occurred 2-3 times
per week, lasted 12—15 hours, had been experienced for about a year and were char-
acterised by knowing no one, including herself [106]. These clinical features fall
outwith current understanding of TGA, in terms of both the frequency and duration
of episodes, and the loss of knowledge of self, not to mention the absence of any
report of repetitive questioning, and accordingly, this case is not included, although
other authors seem to have accepted it as a case of tumour-related TGA ([107], p.184).

In many of the reviewed cases, the finding of a tumour was deemed unlikely to
be anything more than chance concurrence with TGA, based on tumour locations
distant from memory-eloquent structures, and hence an entirely incidental finding
[40]. A similar argument may be made with respect to other structural lesions iden-
tified in TGA patients, such as hydrocephalus [108, 109] or cyst [110], subdural
haematomas [111] and cerebral angioma [112]. Hence to label these cases as
“symptomatic TGA” would, in this author’s view, be an error. Brain haematoma
may on rare occasion (e.g. [113]) be relevant to an episode of TGA (Table 3.5).

For tumour locations more obviously of possible pathophysiological relevance,
such as those involving medial temporal lobe structures (e.g. a pituitary adenoma
extending to left medial temporal lobe and anterior hippocampus [102]), neoplastic
lesions might be anticipated to result in abnormal electrical activity within these
networks. Milburn-McNulty and Larner argued that localised tumours might lower
the threshold for epileptiform events, which might masquerade clinically as TGA
[40] (see also Case Study 7.2). In other words, they considered that “tumour-
associated TGA” was in most, if not all, instances transient epileptic amnesia and
not TGA (of note, the index case which prompted their systematic review [40] sub-
sequently underwent diagnostic revision after long-term follow-up showed neurora-
diological remission of the swelling in the amygdala region which had initially been
thought to be a low-grade glioma [114]). In this context, it is of note that patients
harbouring medial temporal lobe tumours [99, 115, 116] and amygdala swelling
[117] have been described as manifesting episodes typical of both TGA and subse-
quently TEA.

Case Study 7.2: Brain Tumour and TGA?

The 79-year-old man reported in Case Study 2.1, who suffered a brief (ca.
30 minutes) amnesic episode whilst hiking which was suspected to be TGA
but with no reliable witness account, hence failing to fulfil diagnostic criteria,
was further assessed. On the Mini-Mental State Examination, he scored 26/30
and on the Six-item Cognitive Impairment Test (negatively scored) 10/28,
dropping points for delayed recall on both these screening instruments. MR
brain imaging showed a left temporal lobe mass lesion with surrounding vaso-
genic oedema, appearances consistent with a high-grade glioma. A possible
epileptic aetiology for his transient amnesic episode now seemed more likely
than TGA.
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An account of five cases of TGA occurring several years after temporal lobec-
tomy for epilepsy (related to hippocampal sclerosis or dysembryoplastic neuroepi-
thelial tumour, DNET) has appeared, the episodes conforming to TGA diagnostic
criteria [118]. Though designated by the authors as a precipitating factor, the signifi-
cant delay between surgery and TGA would be more in keeping with a predisposing
factor. Moreover, although these patients had been seizure-free after surgery, the
possibility that these episodes were epileptic in origin, despite conforming to TGA
diagnostic criteria, cannot be entirely discounted.

In addition to these structural lesions evident on clinical and/or neuroradiologi-
cal grounds, it is also possible that microstructural changes within brain tissue and
reorganised network hubs (e.g. [119]), as detected using sophisticated neuroimag-
ing modalities such as voxel-based morphometry and diffusion tensor imaging
(Sect. 5.1.3), may also increase vulnerability to, and hence constitute predisposing
factors for, TGA.

7.13 Summary and Recommendations

Many possible predisposing factors for TGA have been examined. Of these, the
most consistent observation seems to be a personal history of migraine but no factor
has been shown to be necessary and/or sufficient to induce TGA. A greater under-
standing of the neurobiology and hence the pathogenesis of TGA (see Chap. 9)
might enlighten this field of research. Meantime, a number of more proximate, pre-
cipitating factors for TGA, have been described and these are examined in the next
chapter.
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Chapter 8
Epidemiology of TGA (2): Possible
Precipitating Factors

Abstract This chapter examines factors identified in clinical and epidemiological
studies as possible precipitating factors for episodes of TGA. Of these, emotional
stress and physical effort are the most commonly identified. It is possible that these
precipitating factors may give some insights into the pathogenesis of
TGA. Predisposing factors for TGA are considered in the previous chapter.

Keywords TGA - Precipitating factors

A number of factors have been described in close temporal association with (i.e.
immediately before) the onset of an attack of TGA and hence may be designated as
precipitating factors, as opposed to those with a more distant temporal association
which may be designated predisposing factors (Chap. 7). Miller Fisher identified
such precipitating factors in 26/85 TGA episodes (30.6%) [1], whilst Rosler et al.
identified precipitants in 58% of their 72 TGA patients based on administration of a
standardised questionnaire [2]. In their review of cases reported in the literature,
Quinette et al. noted precipitating factors in 462 of 881 cases (= 52.4%) and in their
own series in 131 of 147 episodes (= 89.1%) [3]. Cejas et al. identified triggering
factors in 41/79 (51.9%) of their TGA patients who agreed to complete a question-
naire [4], and in a retrospective survey of 389 patients, Hoyer et al. identified a pre-
cipitating factor in 266 (68.4%) [5]. Morris et al. found a similar percentage of cases
with identifiable triggers in single-episode (28.8%) and recurrent (35.0%) TGA [6].

8.1 Emotional Stress

In his report on a series of 85 episodes of TGA, Miller Fisher found that highly
emotional experiences were found to be the most common recognised precipitating
event (8/26) [1]. Hodges and Warlow noted an emotionally stressful event in the
24 h before an episode of TGA in 14% of their prospective sample, examples includ-
ing receiving bad news, witnessing an accident or being involved in an argument
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[7]. Emotional arousal was also noted as a precipitating factor for TGA by Merriam
and colleagues [8, 9] who emphasised the differentiation of TGA from the forms of
transient psychological amnesia (Sect. 3.3) which may also follow stressful experi-
ences. Quinette et al. noted that emotionally charged events may be a precipitant of
TGA, reported in 28% of cases in their literature survey and in 29% of their person-
ally observed cases [3]. Emotional stress may be a predisposing factor for as well as
precipitating event to TGA (Sect. 7.10).

The specific emotional stress may take many various forms, including the experi-
ence of a burglary [10], a disturbing dream [11] or an emotionally charged psycho-
therapy session [12]. A similar explanation might account for TGA following
general anaesthesia in an anxious patient undergoing otolaryngological surgery [13].

Quinette et al. reported that TGA in women was mainly associated with an emo-
tional precipitating event (cf. men, physical precipitating event) [3]. In a retrospec-
tive study of a cohort of 389 TGA patients, Hoyer et al. examined gender-related
differences in stressful precipitating events and confirmed that emotional triggers
were more often experienced by women (37.2% vs. 22.8%) [5]. Noh and Kang
reported “extreme stress’” occurring in 64.6% of their cohort of TGA patients, most
of whom (114/128 = 89%) were women [14].

8.2 Physical Effort

Many forms of physical exercise have been described as precipitating factors for
TGA, including cycling (e.g. [15, 16]; see also Case Studies 2.1 and 7.1), swimming
(e.g. [17], and [18], case 2), skiing ([19]; also Case Study 7.1), gardening/digging
(e.g. [4, 20]), sawing wood, after extreme exercise (e.g. [21]) and after medical
procedures involving an exercise testing procedure such as the bicycle ergometer or
treadmill [22, 23]. Other recorded effortful activities include defecation in consti-
pated patients, coughing, vomiting and repeated yawning [4].

Hodges reported exercise as a precipitant in 18% of patients in the Oxford TGA
study ([24], p.19). Quinette et al. noted physical effort as a precipitant of TGA in
31% of cases in their literature survey and in 25% of their personally observed cases
[3]. Hoyer et al. found physical stressors were more common in men than women
(41.1% vs. 30.7%) [5]. Hence, physical triggers of TGA are more often experienced
by men and emotional triggers more often by women.

8.3 Water Contact or Temperature Change

Fisher and Adams “first case” (see Sect. 1.1) was associated with a swim in cold water
[25]. In a report on a series of 85 episodes of TGA, Fisher found that bathing in cold
water (specifically the Atlantic Ocean) was found to be a common recognised precipi-
tating event (3/26) [1]. Other examples have also been reported (e.g. Case Studies 2.1
and 6.1). Quinette et al. reported water contact or temperature change (which could
include hot baths) in 14% of patients in their literature review and in 11% of their own
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series [3]. Martin coined the term “amnesia by the seaside” for TGA cases associated
with cold water immersion [26]. Tubridy et al. also used the term [27], even when
there was no cold water immersion, merely a walk by the seaside ([28], p.11-6).

An episode of transient amnesia in a volunteer undergoing experimental repeated
cold water (20 °C) immersion has been reported as TGA [29], but the details are not
convincing for this diagnosis, specifically the development of “altered affect ...
whimpering, anxious delirium-like state” for 20 min. It was also atypical in the
subject’s age (23).

Temperature change might also possibly contribute to or explain TGA cases
associated with skiing ([19]; Case Study 7.1), high altitude [30-32], transoceanic
flight [33], paragliding [34], infusion of cryopreserved cells [35] and whole-body
cryotherapy (brief exposure to very cold and dry air) [36]. A study from relatively
high altitude (Davos, Switzerland) found TGA cases peaked in the winter, suggest-
ing that low temperature might be either a predisposing factor or a trigger for TGA,
but no relation was found with atmospheric pressure, wind or humidity [37].

8.4 Sexual Activity

Amnesia is one of the recognised acute neurological consequences of sexual activ-
ity, as is headache, but whether these are separate or pathophysiologically related
conditions is not currently known [38].

Sexual activity was noted as a precipitating factor for TGA in 2/17 patients
reported by Fisher and Adams [25], and in a later report on a series of 85 episodes
of TGA, Fisher found it to be the second most common recognised precipitating
event for TGA (7/26) [1]. Hodges and Warlow reported sexual intercourse to be the
precipitant of TGA in 3% of their cases [7]. Quinette et al. reported sexual inter-
course as a precipitant in 12% of patients in their literature review and in 9% of their
own series [3].

In addition, many individual possible reports of “coital” or “post-coital” amnesia
have also been presented (e.g. [39-51].; see also Case Study 4.1 and Case Study 8.1).
These include examples of recurrent episodes of amnesia after intercourse [52-54].

Case Study 8.1: Sexual Activity as a Precipitating Factor of TGA

A previously healthy 61-year-old man had an episode of memory loss.
Somewhat abashed, he reported that about 7 weeks earlier he and his wife had
been making love at 5 o’clock in the morning, “not something we usually
do”. He then got up and was found in the kitchen some minutes later by his
wife. She reported that he was repeatedly asking “where am 1?”. Questioned
by her, he had forgotten the names of his medications for high blood pressure
and the fact that his son had recently passed his driving test. However, these
functions returned after a period of about 4 h and did not recur. His general
practitioner made a provisional diagnosis of transient ischaemic attack (TIA).
The patient was commenced on aspirin, non-urgent structural brain imaging
was arranged and referral made to the neurology clinic (adapted from [45]).
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Monzani et al. reported on 10 patients (all male; age range 41-64 years) with
transient amnesia related to sexual activity, which comprised 18% of all acute global
amnesia patients observed during the study period; of these ten, one had a subarach-
noid haemorrhage whilst all the others were diagnosed as TGA [55].

Episodes of TGA reported in association with the use of phosphodiesterase type
5 (PDE-5) inhibitors, sildenafil (Viagra) and tadalafil, and with the intracavernosal
injection of alprostadil (Caverject) (Sect. 3.4.2 and Table 3.8), may also be precipi-
tated by sexual activity rather than being an acute adverse drug effect.

Concurrence of sex-related TGA and primary headache associated with sexual
activity (PHSA), whose features differ from migraine, has been reported on occa-
sion [56-58]. This may suggest the possibility either of shared pathophysiological
mechanisms, perhaps related to activation of pathways within the trigeminocervical
complex [58] or a concurrence of two disorders with a shared trigger [57].

8.5 Pain

In a report on a series of 85 episodes of TGA, pain was found to be one of the most
common recognised precipitating events (6/26) [1]. Examples may include abdomi-
nal pain [25], dental extraction [59], trigeminal ganglion stimulation ([1], in 2/26),
pain from a pilonidal sinus ([24], p.18) and myocardial infarction, although TGA
after painless MI has also been reported (Sect. 3.1.6). TGA associated with other
painful medical procedures is also well described (Sect. 8.8). Quinette et al. noted
acute pain as a precipitant of TGA in 2% of cases in their literature survey and in
3% of their personally observed cases [3].

Migraine headache is a not infrequent accompaniment of TGA episodes, possi-
bly as a precipitant (Sect. 8.6), as well as being a predisposing factor (Sect. 7.9) and
a symptomatic cause of amnesia which enters the differential diagnosis of TGA
(Sect. 3.4.1). Whether the pain associated with migraine headache per se may be
considered a precipitant of TGA, rather than the migraine pathophysiology, does not
seem to be commented upon in the literature.

The absence of case reports of TGA related to events acknowledged to be associ-
ated with severe pain such as parturition or cluster headache might be taken to argue
against pain per se as a precipitant. Nephrolithiasis or ureteral colic is a rarely
reported association with TGA [1, 60]. Fisher and Adams ([25], p.40) reported
“One woman was in the throes of rather severe ureteral colic (this patient thought
two of her previous attacks had also been precipitated by pain)”. Another possible
association of TGA and kidney stone was confounded by use of multiple doses of
opioid and non-opioid analgesia [61].

8.6 Migraine

Migraine has already been discussed in the context of the differential diagnosis of
TGA (Sect. 3.4.1) and as a possible predisposing factor for TGA (Sect. 7.9). It may
also be a precipitating factor.
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TGA occurring during a migraine attack has been reported by many authors (e.g.
[62-68]. However, this is probably a very rare occurrence. A large retrospective
analysis from a centre in France identified six cases of TGA occurring (hence,
according to the paper’s title, “triggered”) by a migraine attack amongst a cohort of
8821 new patients seen over an 11-year period [69]. Other mechanisms might also
be envisaged, for example forceful vomiting in the context of a migraine attack
might be associated with the Valsalva manoeuvre (Sect. 8.9).

Many of the familial examples of TGA (Sect. 7.8) had TGA episodes which
reportedly occurred at the same time as a migraine (see Table 7.3).

8.7 Brain Infections

Brain infections are included amongst the symptomatic causes of amnesia (Sect.
3.5.2; Table 3.2) and may enter the differential diagnosis of TGA. Cases labelled
diagnostically as “TGA” have on occasion been reported in association with infec-
tive disorders of the brain, including herpes simplex encephalitis [70, 71], neuro-
syphilis [72] and Epstein—Barr virus encephalitis [73], although Daniel states that
these latter authors “clearly described a case of transient epileptic amnesia”
([74], p.205).

8.8 Medical Procedures and Therapies

Onset of TGA concurrent with the performance of various medical procedures has
been described. Of these, angiography (cerebral, coronary) appears to be the most
frequently described (see Sect. 3.1.5; Table 3.6).

Angiography was recognised as a possible precipitating event for transient amne-
sia even before the TGA nomenclature was coined ([75]; see Sect. 1.2). A retrospec-
tive analysis of over 20,000 angiographic procedures undertaken at one hospital
over a period of 7.5 years identified 9 cases of TGA (= 0.04%), which followed
either cerebral angiography (5 in 4360 = 0.11%) or cardiac angiography (4 in
8817 = 0.05%) but no cases following peripheral angiography were identified (0 in
7659), indicating the infrequency of the association of TGA with angiography [76].
Even cardiologists with extensive (>25 years) experience of cardiac angiography,
encompassing many thousands of procedures, may not encounter a case of TGA (Dr
WL Morrison, personal communication, Liverpool Heart and Chest Hospital,
24/12/16).

Various other medical procedures have sometimes been associated with the onset
of TGA (Table 8.1). For example, upper gastrointestinal endoscopic procedures
have on occasion been followed by TGA (e.g. [85, 87, 89, 90]), as has transoesopha-
geal echocardiography [82, 83]. Possible explanations might include the emotional
stress of instrumentation, associated pain, autonomic activation from passing the
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Table 8.1 Reports of medical procedures associated with onset of TGA (see text for caveats)

Procedure Reference(s)
Acupuncture Hodges (1991) (n = 1) ([24], p.18)
Anaesthesia Ghoneim (1998) [77]

Bortolon et al. (2005) [78]
Galipienzo et al. (2012) [13]

Aneurysm coiling

Graff-Radford et al. (2013) [79]

Angiography(cerebral, coronary)

See Table 3.6

Carotid artery stenting

Lee (2020) [80]

Cryotherapy

Carrard et al. (2017) [36]

Cystoscopy

Miller et al. (1987) [22]

Deep brain stimulation (misplaced electrode)

Baezner et al. (2013) [81]

Dental extraction

Godlewski (1968) [59]

Echocardiogram (transoesophageal)

Profice et al. (2008) [82]
Cassar and Balkhausen (2020) [83]

Electroencephalography (EEG)

Cole et al. (1987) [84]
Ung and Larner (2014) [50]

Endoscopy(upper gastrointestinal)

Hiraga and Matsunaga (2006) (n = 3) [85]
Neuzillet et al. (2009) [86]

Sayilir et al. (2009) [87]

Ahn et al. (2011) (n=4) [88]

Cesar and Perdigao (2012) [89]

Jeong et al. (2018) (n =2) [90]

Exercise testing(cycle ergometer, treadmill)

Miller et al. (1987) [22]
Richardson et al. (1998) [23]

Intracarotid amobarbital procedure

Benke et al. (2005) [91]

Nasogastric tube insertion

Miller et al. (1987) [22]

Nasopharyngeal swab

Ravaglia et al. (2021) [92]

“Oral provocation test” (rofecoxib)

Hirschfeld et al. (2007) [93]

Photodynamic therapy

Reinholz et al. (2015) [94]

Psychotherapy

Espiridion et al. (2019) [12]

Pulmonary function testing

Miller et al. (1987) [22]
Robbins et al. (2010) [95]
Williamson and Larner (2016) [96]

Radio frequency catheter ablation for premature
cardiac ventricular beats

Mokabberi et al. (2010) [97]

Stellate ganglion block

Park et al. (2015) [98]

Stem cell infusion (autologous peripheral blood)

Otrock et al. (2008) [35]

Trigeminal ganglion stimulation

Fisher (1982) (n=2) [1]

Urinary catheterisation

Ahn et al. (2011) (n=1) [88]

Urography (excretory)

Miller et al. (1987) [22]

Venesection

Hodges (1991) (n =2) ([24], p.18)
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scope and medication use (scopolamine in [85], although TGA is also recorded fol-
lowing endoscopy without medication [87]). No account of TGA after colonoscopy
has been identified.

A review by Jeong et al. published in 2018 found 89 patients with medical
procedure-related TGA described in 49 articles. The most common procedure was
angiography (cerebral > coronary) followed by general anaesthesia, although with
only nine cases the latter could simply be chance. Neurological procedures were
more common than cardiac, anaesthetic, gastrointestinal and pulmonary proce-
dures. The authors concluded that Valsalva-associated activities, emotional stress
with anxiety and acute pain were predisposing (sic) conditions in these cases [90].
Hoyer et al. recorded TGA following a medical procedure in 2.1% of their cohort of
389 patients [5].

All these accounts of TGA associated with medical procedures are rare, consid-
ering the frequency with which the various procedures are undertaken, so could be
chance concurrence rather than causal association. Moreover, medical procedures
are often accompanied by patient emotional stress (e.g. psychotherapy [12]), par-
ticularly anxiety (Sect. 8.1) and pain (Sect. 8.5), which might also be contributory
factors in the cases observed.

8.9 Valsalva Manoeuvre

Bedside spirometry (forced vital capacity), one of the medical procedures reported
on occasion to precipitate an episode of TGA [22, 95, 96] (Sect. 8.8), requires breath
holding before forced expiration, effectively the performance of a Valsalva manoeu-
vre. This manoeuvre has sometimes been implicated in a number of other situations
associated with TGA onset, including physical exercise, sexual activity, cold water
immersion and response to pain. It has also been considered relevant to the retro-
grade internal jugular vein blood flow due to jugular vein valve incompetence (Sect.
4.3.3.2) which is pertinent to one of the hypotheses of TGA pathogenesis
(Sect. 9.2.2).

However, attempts to reproduce the typical clinical and neuroradiological find-
ings of TGA by voluntary Valsalva manoeuvre have failed. Patients with a previous
episode of TGA were subjected to a controlled Valsalva manoeuvre, at least
3 months post-event, and suffered no recurrence of either typical symptoms or
MR-DWI findings of TGA [99]. Jeong et al. noted that more than half of their
patients (n = 8) with incidental MR-DWI hippocampal hyperintensities had per-
formed Valsalva manoeuvre-associated activities but this was also true of their TGA
group (n = 16) [100].

Valsalva manoeuvre may thus be an associated, rather a precipitating, factor in
some episodes of TGA.
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8.10 Other Possible Precipitating Factors

TGA cases associated with medication use have been reported on occasion (Table
3.8). These drugs might possibly be considered as precipitating factors, but the pau-
city of reports and the variety of drugs suggest no one specific class of drugs as
being particularly culpable. Emerging pharmacovigilance data suggest COVID-19
vaccines may be an exception.

There have been occasional reports of TGA occurring at high altitude [30-32]
suggesting a possible role for cerebral hypoxia, although physical effort and tem-
perature change may be contributory (and/or confounding) factors in these cases.

8.11 Summary and Recommendations

Many possible precipitating factors for TGA have been examined. Some consistent
observations have been made, but no factor seems to be necessary and/or sufficient
to induce TGA. This has prompted various aetiological theories for TGA which are
reviewed and elaborated upon in the next chapter.
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Chapter 9
Pathogenesis of TGA

Abstract This chapter considers the pathogenesis of TGA, examining the evidence
for and against the commonly considered possibilities, including cerebrovascular
disease (arterial or venous), epilepsy and migraine. At time of writing, the patho-
genesis of TGA remains enigmatic, and the possibility that this is a heterogeneous
disorder cannot be excluded. Some possible applications of connectionist and com-
putational neural network models to TGA pathogenesis and their mechanistic impli-
cations are considered.

Keywords TGA - Pathogenesis - Cerebrovascular disease - Epilepsy - Migraine -
Genetics

9.1 What Is the Cause of TGA?

The pathogenesis of TGA remains unknown, although it has been much discussed
in the six decades since the first clear descriptions of the condition [1-5]. It is not
only a subject of interest to clinicians but also to patients and their relatives, who
frequently pose the question at clinical consultation after the event.

Considering factors relevant to the epidemiology of TGA, the recognised predis-
posing (Chap. 7) and precipitating factors (Chap. 8) may give pointers to pathogen-
esis but without currently providing a compelling account of its origins.

Any pathogenetic theory faces a number of stern challenges to explain the empir-
ically observed clinical and epidemiological features of TGA. It must take into
account factors such as the very low frequency of recurrence (i.e. non-recurrence in
the majority of cases), as well as the recognised predisposing and precipitating fac-
tors (at least the better established of these). Raymond Adams was of the view that
“an explanation for episodic global amnesia must take into account the lack of mor-
phologic change” (cited in [6], p.145).

It must also be borne in mind that the search for a unifying pathogenetic explana-
tion for TGA, what might be described as the application of Ockham’s (or Occam’s)
razor, may be a chimaera: as Caplan ([7], p.205) pointed out, TGA “might be caused
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by diverse processes sharing only a predilection for involvement of anatomical and
physiological regions critical for memory registration and retrieval”, hence different
instances of TGA may simply be phenocopies of different disorders resulting from
differing pathogenetic pathways. Roach argued for TGA as a symptom complex
rather than a specific disease entity [8], and Quinette et al. thought TGA might refer
to a single expression of several pathophysiological phenomena [9]. Certainly, some
authors consider TGA to be a “heterogeneous disorder” ([10], p.188).

What strategies or investigations might be undertaken to elucidate TGA patho-
genesis? The brevity and infrequency of episodes make investigations during the
ictus difficult, but not impossible, as seen for a number of clinical investigations (as
described in Chaps. 4 and 5). Traditionally, case—control studies and population-
based studies have been used to try to address questions of disease aetiology, of
which the latter are much preferred since they are free of many of the inherent
biases of the former. Although numerous case—control studies of TGA have been
reported (e.g. [11-18].), nationwide population-based cohort studies of TGA using
large databases have only become available in recent times (e.g. [19-22].). Likewise,
systematic reviews [23-27] and meta-analyses [26, 28, 29] of the evidence base in
TGA are relatively recent.

A number of possibilities, sometimes referred to as theories or hypotheses, have
repeatedly been advanced to try to explain TGA, including but not limited to: cere-
brovascular disease (arterial or venous), epilepsy and migraine. These mirror to
some extent the disorders with which TGA may be confused clinically and which
enter the differential diagnosis (Chap. 3). Each of these possibilities is now consid-
ered, prior to an attempted formulation of the evidence.

9.2 Cerebrovascular Disease

9.2.1 Arterial

The abrupt onset of TGA may resemble that of a stroke or transient ischaemic attack
(TTA). This has prompted considerations of transient arterial occlusion or cerebro-
vascular insufficiency as the causative factors for TGA from the time of the earliest
descriptions, so much so that some authors were ready to classify TGA as a vascular
phenomenon (e.g. [30-32].), a view which persisted in some quarters up until the
1990s [33]. Clinicians unfamiliar with TGA may still, not unreasonably, consider
the possibility of stroke when they encounter patient with TGA [34]. Stroke mim-
icking TGA (i.e. “amnesic stroke”) is uncommon but increasingly recognised with
MR imaging studies (Sect. 3.1.2. and Table 3.4).

However, the evidence from prospective series of TGA cases is fairly conclusive
that TGA does not share the same vascular risk factors as TIA (Sect. 7.11) and that
there is no increased stroke risk at follow-up [19] although there is contradictory
evidence [20] (Sect. 6.3.3). Such observations argue against a cerebrovascular
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aetiology, at least of thromboembolic origin: “there is no evidence to support
thrombo-embolic disease as the cause of TGA in the majority of cases” ([35],
p-137-8). Paradoxical embolism of platelet aggregates into the posterior cerebral
circulation via a patent foramen ovale (PFO) is another suggested mechanism [36],
but the evidence for an increased frequency of PFO in TGA patients is not compel-
ling (Sect. 3.1.6).

The absence of thromboembolic risk factors does not necessarily preclude an
arterial origin for TGA: some form of vasculopathy might also be implicated. Based
on the association with migraine, Caplan et al. thought that “vascular spasm” might
explain TGA in some patients, even those without evident migraine [37], and Caplan
characterised the possible vascular changes as “acute arterial dyscontrol” [7].

The confident rejection of a cerebrovascular aetiology based on case—control
studies comparing TGA and TIA cases was given pause with the findings of
diffusion-weighted magnetic resonance imaging (MR-DWI) (Sect. 5.1.2; Fig. 5.1)
showing transient signal changes evolving within the hippocampus, particularly the
CAL region, which were thought by some authors to be consistent with an isch-
aemic aetiology (Sect. 5.1.2.6). However, the frequency with which these imaging
findings are seen seems to increase for the 2—3 days immediately post-event, unlike
the findings in acute stroke, followed by resolution of the changes. This pattern has
prompted some authors to suggest that TGA is not related to cerebral arterial isch-
aemia (e.g. [38].). Follow-up imaging to show persistence of changes is surely
required to prove stroke as the aetiology of TGA (Sect. 3.2).

If these transient ischaemic signal changes within the hippocampus are not a
consequence of vascular occlusion, then perhaps they might reflect enhanced vaso-
reactivity (Caplan’s “acute arterial dyscontrol”?), with focal vasoconstriction induc-
ing changes in the areas of the hippocampus, specifically CAl, known to be
particularly vulnerable to ischaemia [39]. These changes might be of neurovascular
origin, perhaps related to autonomic activation (a probable consequence or accom-
paniment of many of the recognised precipitating factors for TGA; Chap. 8), result-
ing in enhanced vasoreactivity and vasomotor instability/dysregulation. However,
Baracchini et al. found no evidence for intracranial arterial vasoconstriction in TGA
[40], although this does not necessarily indicate what is happening at capillary level
within the hippocampal watershed.

9.2.2 Venous

Prompted in part by the inadequacy of other explanations for TGA, Lewis proposed
that venous ischaemia in diencephalic or medial temporal lobe structures might be
the cause of TGA. Noting that a Valsalva manoeuvre may be a factor common to
many of the precipitating causes of TGA (Sect. 8.9), the argument was put forward
that this might block venous return through the superior vena cava secondary to
raised intrathoracic pressure, with retrograde transmission of high venous pressure
into the cerebral venous system with resultant focal venous ischaemia [41].
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Lewis’s hypothesis has been influential and received a substantial boost with the
consistent finding of internal jugular vein valve incompetence in greater frequency
in TGA patients compared to controls (e.g. see the meta-analysis of Modabbernia
et al. [29]; Sect. 4.3.3.2). This anatomical abnormality might be supposed to predis-
pose to venous reflux, for example in association with a Valsalva manoeuvre, with
resultant venous hypertension. Some authors have expressed strong support for a
venous aetiology (e.g. [42, 43].). However, studies which have examined intracra-
nial venous circulation in TGA have found little or no difference compared to con-
trols (e.g. [44,45].). Hence, the relevance of internal jugular vein valve incompetence
to the pathogenesis of TGA remains uncertain [46]. Furthermore, the MR-DWI
findings in TGA are said not to resemble venous congestion or infarcts [47].
Controlled Valsalva manoeuvre in patients with previous TGA produced no recur-
rence of symptoms or typical MR-DWI findings [48] (Sect. 8.9). Hence, at time of
writing, Lewis’s hypothesis is not proven.

Solheim and Skeidsvoll further developed the venous hypertension hypothesis
by suggesting that most cases of TGA may be due to small thrombi in the deep
cerebral venous system [49]. Although clinical reports of TGA in association with
cerebral venous thrombosis are extremely rare (Sect. 3.1.4), Solheim and Skeidsvoll
tried to pre-empt this objection by suggesting that small venous thrombi which are
difficult to visualise with modern imaging technology may be responsible.

9.3 Epilepsy

The abrupt onset of TGA prompted consideration of an epileptic aetiology from the
earliest studies [3, 4]:

In our opinion the episodes, by virtue of their brevity, transiency, reversibility, and associ-
ated suspension of memory recording, bear a close resemblance to the amnesic spells
described in temporal lobe seizures. ... If the episodes are temporal lobe seizures, all pro-
dromal and ictal phenomena other than the impairment of memory and possibly slight inco-
herence of thought were stripped away ([4], p.46).

A form of seizure affecting the hippocampal-diencephalic system remained
Fisher’s favoured explanation for TGA [50], notwithstanding the long duration of
TGA attacks compared to most epileptic seizures. A form of non-convulsive status
has been mooted, and the lack of EEG signature (Sects. 4.2.1 and 4.2.2) ascribed to
the electrical changes occurring deep within the hippocampus and hence undetect-
able by traditional EEG methods.

Another stumbling block for the epilepsy hypothesis related to the usual single
event phenotype of TGA, whilst epilepsy is usually recurrent, indeed this was one
of the factors which helped to differentiate transient epileptic amnesia (TEA; Sect.
3.2.1) from TGA. Although an epileptic origin for TGA seems highly unlikely in
the majority of cases, nonetheless TGA and TEA may not be mutually exclusive;
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the possibility remains that there may be a pathogenetic interaction between them
(Sect. 3.2.2).

Disturbances of brain electrical activity in a non-seizure form might still be per-
tinent to TGA pathogenesis, in the form of spreading depolarisation (Sect. 9.7.5).

9.4 Migraine

Many early authors posited a TGA-migraine connection (e.g. [37, 51, 52].) and this
has been borne out by the high frequency of migraine consistently observed in series
of patients with TGA, around one-third, (Sect. 7.9). The most reductive view is that
“TGA is probably a migraine aura in most cases” ([53], p.125-30, 168).

Perhaps the strongest objection to this possible explanation of TGA pathogenesis
is that migraine is generally understood as a recurrent condition whereas TGA is
not, being a single event in most cases. That said, migraine can certainly manifest as
an episode of transient amnesia (Sect. 3.4.1) which might be mistaken for TGA and
hence may be included in the differential diagnosis, and as a precipitating event for
TGA (Sect. 8.6).

If TGA is not migraine, nevertheless there is probably a link between the two
conditions, as shown by the frequency of migraine in patients who have suffered
from TGA (Sect. 7.9) and in familial cases of TGA (Sect. 7.8).

Patient age might also be relevant here. Clearly, TGA is more common with
increasing age, at least until the seventh decade (see Sect. 7.4; Fig. 7.2), suggesting
that the ageing brain is more vulnerable, and/or the younger brain is protected
against or less susceptible, to whatever process(es) underpin(s) TGA. Migraine may
manifest as a different phenotype in younger people, acute confusional migraine,
which has been noted to have some similarities with TGA (Sects. 3.4.1 and 7.4).
The paucity of reports of TGA after 80+ years may suggest that the oldest old brains
may also be protected against TGA (Sect. 7.4). Of possible note, de novo presenta-
tion of migraine with aura in the eighth decade is unusual [54]. Primary headache
associated with sexual activity (also known as coital cephalalgia), which is another
acute neurological disorder related to sexual activity [55], also seems to show an
increased incidence with age. Another possibility might be that TGA and migraine
could be different phenotypic reflections of common underlying pathophysiological
mechanisms, possibly related to particular genotypes.

As for TGA, the mechanisms underpinning migraine aura and headache remain
a subject of debate, but the possible relevance of the neurophysiological process of
cortical spreading depression (CSD), first described by Aristides Ledo in 1944 [56]
has been suggested, initially by Milner in 1958 [57] and then independently by
Lauritzen [58] and Pearce [59], both in 1985. The possibility that hippocampal CSD
might be a causative mechanism in TGA was first postulated by Olesen and
Jorgensen in 1986 [60]. CSD is now characterised as part of the process of spread-
ing depolarisation which is considered further in Sect. 9.7.5.
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9.5 Genetics

The role of genetic factors in TGA pathogenesis has been relatively infrequently
discussed because of the limited number of familial cases reported (see Sect. 7.8
and Table 7.3). However, some authors have explicitly questioned whether TGA
might be genetic (e.g. [61, 62].), although clearly not a Mendelian disorder.

Given the infrequency of TGA, Arena and Rabinstein suggested that familial
clusters may not be coincidental, and may possibly reflect a common genetic predis-
position to migraine and TGA [63]. However, migraine was specifically mentioned
in only a minority (16/53) of the familial cases reported in the literature (Sect. 7.8
and Table 7.3). This might simply represent incomplete reporting, although many of
the studies were explicit about the absence of a migraine history (e.g. Case Study
7.1). In this context, Dupuis et al. reported (in abstract) a higher recurrence rate and
history of migraine in those TGA patients with a positive family history of TGA (10
families) in a cohort of 219 patients seen over an extended period of time (1999-2016)
[64]. The possible linkage of family history of TGA, migraine and recurrence merits
further examination in large patient cohorts [65].

Another possibility might be that TGA and migraine could be different pheno-
typic reflections of common underlying pathophysiological mechanisms related to
a particular genotype, or possibly to age: if childhood migraine may sometimes
present as acute confusional migraine, it might be credible to argue that adult
migraine (sometimes adult-onset migraine) might present as TGA (Sect. 9.4). The
possible associations of TGA with psychological profile and psychiatric disorders
on the anxiety—depression axis (Sect. 7.10) might also reflect shared pathophysiol-
ogy, underpinned by polygenic mechanisms.

What genetic factors might be implicated? To date, genetic studies of TGA are
few. Agosti et al. looked at the V66M polymorphism in the gene encoding brain-
derived neurotrophic factor (BDNF) which had previously been demonstrated to
affect human memory and hippocampal function in the development and mainte-
nance of adult neurones. In a cohort of 98 TGA patients, there was no difference in
the distribution of this BDNF genotype compared to controls [66]. This targeted
approach to specific polymorphisms, although hypothesis-driven, is akin to search-
ing for a needle in a haystack. Unbiased genome-wide association studies might
potentially shed further light on any genetic factors which could be implicated in
TGA pathogenesis.

Many paroxysmal neurological disorders have been found to be due to dysfunc-
tion of membrane ion channels [67], so the possibility that TGA might be a form of
channelopathy seems a reasonable consideration. To date, I am not aware of any
empirical evidence in favour of this possible explanation. Moreover, it is difficult to
see why this explanation, as for stroke, epilepsy and migraine [67], would fit for a
disorder usually characterised by single rather than recurrent events. Nevertheless,
subtle changes in ion channel kinetics might contribute to TGA pathogenesis [68]
(Sect. 9.7.5).
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9.6 Psychiatry

The possibility that TGA might be a psychogenic disorder, explicable by “func-
tional mechanisms”, is mentioned here only to dismiss it. As previously described
(Sect. 1.2), cases of possible TGA which predate the papers of Fisher and Adams [3,
4] might have been “immersed in the literature on psychogenic amnesia” ([35], p.4).
Possible examples may be found in the publications of Kanzer (1939) [69] and
Kennedy and Neville (1957) [70]. From the 1960s onwards, there was a decrease in
reports of “hysterical amnesia”.

Psychogenic amnesia is now conceptualised as a disorder distinct from TGA,
although it enters the differential diagnosis (see Sect. 3.3). However, in view of the
recognition of emotional factors as a frequent precipitating event for TGA (Sect.
8.1), it is not difficult to see why TGA might once have been considered a psycho-
genic disorder if onset was associated with evident psychological stresses [71].
Neurology is replete with disorders once thought to be psychiatric in origin (e.g.
Tourette disorder, dystonia) now considered “organic”.

9.7 Formulation: Towards a Neural Network Hypothesis

In the first edition of this book, some speculations as to the aetiopathogenesis of
TGA were suggested but no hypothesis was attempted ([72], p.125-7). Although
nothing in that general account now appears particularly objectionable or in need of
refutation or withdrawal, the opportunity for further reflections has permitted the
development of ideas and a tentative hypothesis of TGA pathogenesis based on
neural network models. But before presenting these models, some consideration of
existing models of TGA is in order.

9.7.1 Existing Models of TGA: Experimental and Theoretical

Whilst many models of memory and amnesia have been proposed, those specifi-
cally addressing TGA are few.

Considering experimental animal models, many have been developed in the
investigation of the mechanisms underpinning amnesia, including transient amnesia
(e.g. [73]). Although animal studies purporting to model aspects of TGA, specifi-
cally concurrent anterograde and retrograde amnesia, have been published [74, 75],
to my knowledge these animal models have not been used to inform the understand-
ing of TGA.

Experimental induction of TGA episodes in humans, which might permit in vivo
studies, has been reported, but to my knowledge there are only two published
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examples, both unintentional. Moreover, the first of these reports can probably be
discounted.

Castellani et al. [76] described a volunteer (“‘Subject 13”) for an experiment
examining the effects of repeated cold water (20 °C) immersion who, on a third
exposure, developed “altered affect ... whimpering, anxious delirium-like state” for
20 min, of which he subsequently had no recollection. Despite the authors’ state-
ment that TGA is “typically 20 min in duration” ([76], p.154), this episode was in
fact rather brief for such an attack, TGA rarely lasting less than 1 hour (Sect. 2.1.4).
It was also atypical in the subject’s age (23 years) and in the reported features, hence
does not appear (retrospectively) to conform to suggested diagnostic criteria for
TGA [77].

The second report described a 66-year-old patient with segmental dystonia which
was treated with deep brain stimulation (DBS) of the globus pallidus interna.
Baezner et al. reported that testing of one of the DBS electrodes, two years after
implantation, at >6 V stimulation resulted in the patient questioning where she was
and what was happening, with evidence of retrograde amnesia for the past few
years, lasting for about 60 minutes. The stimulated electrode was found on subse-
quent MR brain imaging to have been misplaced in the right hippocampus [78]. The
authors reported that all TGA criteria [77] were fulfilled and suggested that the
stimulation procedure caused either “inhibition of local neuronal activity or fibre
activation by high current density via direct electrical stimulation of hippocampal
structures” ([78], p.336). Although too much weight should not be placed on single
case studies, as they constitute the lowest (anecdotal) level of clinical evidence, the
empirical observations reported by Baezner et al. might be pertinent to any pro-
posed model of TGA pathogenesis. DBS may be characterised as creating “a virtual
lesion by inducing electrophysiological silence in a neural circuit” and has even
been suggested as a possible mechanism to erase memories ([79], p.120, 122).

Even if TGA could be reliably induced experimentally, there would be signifi-
cant ethical questions to consider [79], the generally excellent prognosis of TGA
notwithstanding (moreover, the prognosis of TGA, particularly if recurrent, may not
be entirely benign; see Chap. 6).

Theoretical models of amnesia, as for experimental animal models, have been
developed, but few specifically address TGA.

Meeter and Murre [80] developed the TraceLink model, inspired in part by David
Marr’s computational theory of archicortical function [81], to explain various forms
of amnesia, in which the hippocampal complex was characterised as part of a link
system involved in regulating its own plasticity through a modulating system.
Simulation of TGA was achieved through suppressing any activity in the link layer,
which showed both anterograde amnesia and temporally graded retrograde amnesia
([80], p.572-3 and Fig. 7). Gradual increase in link layer activity simulated the
gradual lifting of TGA, with only amnesia for the pattern learned during the attack
remaining thereafter, with resolution of all other amnesia. Based on their TraceLink
model simulation of TGA, Meeter and Murre advanced an empirical claim that it
should be possible to detect pathologically low activity level within the link system
(i.e. medial temporal lobe structures) [80].
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In the subsequent Memory Chain Model developed by Murre et al. [82], there
was no explicit mention of TGA, although the retrograde amnesia in two TGA cases
reported by Kritchevsky and Squire [83] (Sect. 4.1.1.3) was modelled ([82], p.13,
and Table 3 rows o and p; and p.16, Fig. 13 plots 01,02, pl, p2). In the discussion,
it was reported that the expected lifetime of a single memory trace in the medial
temporal lobe in TGA was 0.2—4 years, compared to 3-30 days from animal data
([82], p.16). No modelling or discussion of TGA anterograde amnesia was pre-
sented in this paper.

9.7.2 State-Transition Models

Because there is a finite probability of its recurrence (Sect. 6.2), TGA may be con-
ceptualised using a simple state-transition type of Markov process which allows for
repeated uncertain events. Two mutually exclusive clinical states are represented in
the state-transition diagram (Fig. 9.1), TGA (“acute”) and not-TGA (i.e. normal, or,
because of the risk of repeated events, “dormant”). These might also be labelled,
respectively, as hippocampal dysfunction and normal function. Patients are most
likely to remain in the not-TGA (dormant) state over successive time periods. Since
TGA events are not frequent, a cycle of 1 year has been used in the illustrated
model, permitting use of empirically measured annual recurrence rates (Sect. 6.2.1)
to denote the transition probabilities. As the patient is envisaged as being in one of
two states and mortality is not involved, this is a non-absorbing model.

An implication of this modelling is that TGA is a stochastic process, evolving
over time with associated uncertainty. Whether or not the behaviour of the process
in any cycle is independent of the prior or future history of that cycle

p = 0.00001

NORMAL

p = 0.99999 (DORMANT)

p=1

Fig. 9.1 State-transition diagram, or two-state Markov process. Numbers adjacent to arrows indi-
cate probabilities of making that transition. The sum of the probabilities leading out of any state
must be one
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(“memorylessness”), that being the restriction which defines a Markov process
(Fig. 9.1 might also be described as illustrating a two-state Markov process), is
uncertain for TGA (see discussion of recurrent TGA in Sect. 6.2.2). Clearly for
other paroxysmal neurological events such as epilepsy or migraine, this “lack of
memory” for the process does not hold. However, it remains possible that in TGA
there is “memorylessness’ for amnesia!

A rapid change in a network’s connectivity, from local to global or vice versa,
characterises phase transition. Such networks may be described using percolation
theory as developed by Broadbent and Hammersley [84] and are subject to
Kolmogorov’s zero-one law such that an infinite network will have or not have (=
probability one or zero) an infinite cluster. Hence, there is a percolation threshold,
no matter what the shape of the network. Such networks are at risk of a sudden loss
of connectivity. Based on these considerations, TGA might be envisaged as a con-
sequence of a rapid phase transition in a neuronal network from normal to abnormal
connectivity, specifically loss of connectivity, the threshold being variable between
individuals (dependent upon their existing predisposing factors and susceptibility to
precipitating factors). Unlike theoretical infinite networks, which have sharp phase
transitions, such a real-world finite (and messy) network as the hippocampal forma-
tion would be anticipated to have more rounded transitions. At the cellular level, one
might envisage that if hippocampal neurones become refractory for any reason, they
might effectively drop out of the network which might eventually reach a threshold
at which there is a sudden loss of connectivity.

Evidently, such state- or phase-transition models pay little, if any, attention to the
underlying neurobiology of TGA (although Markov chains have been used to simu-
late neocortical function [85]). Along with the previously mentioned theoretical
models (Sect. 9.7.1), they may be characterised as “top down” approaches, based on
an attempt to model clinically observed phenomena. The general inadequacy of
connectionist models in terms of biological plausibility suggests a need for further
models of TGA based on large-scale dynamic circuit level analysis. Accordingly,
two neural network models, which are not mutually exclusive, are postulated (Sects.
9.7.3 and 9.7.4). These are based on hippocampal formation neuroanatomy and neu-
ronal functioning, and hence might be characterised as “bottom up” approaches to
modelling TGA.

9.7.3 Feedback Loop Model

The hippocampus has an established role in memory function. Accordingly, it would
seem plausible to suggest that TGA is predicated on the neuroanatomy of the hip-
pocampal formation. Describing this neuroanatomy in 1911, Santiago Ramén y
Cajal (1852-1934) outlined a functional circuit [86] which governs the direction of
impulse flow through the hippocampal formation. This was also recognised in the
later notion of a “trisynaptic circuit” [§7] which, although now recognised to be an
oversimplification, emphasised unidirectionality. Hippocampal anatomy is now
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characterised as a series of multiple, embedded loops (Fig. 9.2) which are briefly
described here.

The hippocampal formation may be described as comprising a number of
regions: the entorhinal cortex (EC), dentate gyrus (DG), subfields of the hippocam-
pus proper denoted CA1 and CA3 (nomenclature derived from the work of Lorente
de N6, [88], one of Cajal’s pupils) and the subiculum. CA3 is the major input to
CAL via the collaterals first described by, and now named for, Schaffer [89]. CAl
projects to the subiculum (Sub), and both CA1 and Sub project to EC, with CAl
axons returning to the same EC region from which they receive their input. A pro-
jection from the deep to the superficial layers of the EC completes the closed loop
[90]. The outputs of the hippocampal formation are via the Sub and EC, respectively
mainly subcortical (via the fimbria—fornix pathway) and cortical projections.

Hence, a long loop runs from EC via the perforant path (PP) to DG and then to
the subfields of the hippocampus proper, with output via Sub and/or EC. As EC
receives inputs from many areas of associative neocortex (parietal, prefrontal, tem-
poral) via the parahippocampal gyrus and perirhinal cortex, this pathway funnels
highly processed multimodal sensory information into the hippocampal formation.
DG granule cells project mossy fibre axons to the CA3 field pyramidal cells. DG is
recognised to have a gating function [91], filtering afferent inputs to the hippocam-
pus proper (CA3), thus enacting a sparse coding scheme which permits overlapping
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or very similar inputs to the hippocampus to be separated from one another, the
process of pattern separation, and hence many different memories to be encoded
and stored.

In addition to the long loop, an intermediate loop runs from EC directly to CA3
via PP, hence to CA1, Sub and/or EC; whilst a short loop runs directly from EC to
CAT1 via the temporoammonic projection (TA) running in the alvear pathway, hence
to Sub and/or EC. There are no immediate reciprocal connections to preceding
regions (i.e. no projection of DG to EC, of CA3 to DG or of CAl to CA3).

CA3 receives not only the aforementioned mossy fibre inputs from DG and a
direct PP projection from EC but also has recurrent collateral connections extending
throughout CA3, sometimes known as the associative/commissural (A/C) loop.
These latter connections far outnumber PP and DG mossy fibre inputs to CA3 (in
the rat, 12,000, vs 3600 and 46, respectively, per CA3 cell). CA3 may thus be a final
convergence point for inputs from DG mossy fibres, EC and CA3 recurrent
collaterals.

In addition to the excitatory connections, there are also inhibitory connections
within the hippocampal formation (not shown in Fig. 9.2), both feedforward (DG to
CA3 interneurons to CA3 pyramidal cells) and feedback (CA3 pyramidal cells to
CAZ3 interneurons).

The operation of these hippocampal CA3 circuits is considered to be central to
memory encoding and recall [92]. The recurrent, autoassociative connections of
CA3 (further considered in Sect. 9.7.4) may underpin the retrieval of memories
when inputs to the hippocampus are incomplete or degraded, the process of pattern
completion. Such an autoassociative network is not found in CAI.

The characterisation of multiple loops embedded within the neuroanatomy of the
hippocampal formation prompts consideration of the possible role of feedback
mechanisms in hippocampal function and dysfunction. The concept of feedback,
implying circularity of action, has a long history and many recognised applications
in diverse disciplines, including mechanical and electrical engineering, chemistry,
economics, meteorology, as well as biology and human physiology. Feedback loops
are a feature of complex adaptive systems, and feedback is a central concept in the
disciplines of control theory and cybernetics, pioneered in the 1940s and 1950s by
mathematicians such as Norbert Wiener and John von Neumann. These interests
extended to other disciplines including biology, and it may be noted that Lorente de
N6, who described the fine anatomy of the hippocampus [88], attended the early
cybernetics meetings (also known as the Macy Foundation meetings) with von
Neumann ([93], p.188; [94]). Morris Bender, one of the first clinicians to describe
TGA, also attended as a guest on one occasion ([94], p.286), but I am not aware of
any evidence to suggest he may have envisaged the “isolated episode of confusion
with amnesia” [1, 2] in terms of feedback loops.

A distinction may be drawn between negative, or self-correcting, feedback,
which tends to increase the stability and accuracy of operation of a system; and
positive, or self-reinforcing, compounding or exacerbating, feedback in which
amplification rather than stabilisation occurs but which risks exponential growth
and instability.
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Generally, negative feedback is a characteristic of purposeful or goal-directed
actions or behaviours wherein error-signal controlled regulation typically involves
integration causing asymptotic or oscillatory behaviour. In contrast, positive feed-
back systems tend to show exponential behaviour and hence achieve signal amplifi-
cation, but the process is liable to collapse if unchecked and may risk being
detrimental to the system. Generally, some form of negative feedback kicks in
sooner or later to curtail unchecked positive feedback.

Negative and positive feedback may be characterised in terms of reduced or
increased loop gain (= output/input) respectively. A feedback loop may be repre-
sented by a simple schematic block diagram (Fig. 9.3) where A and f represent
arbitrary causal links or relations which denote the flow of causality (A = open-loop
gain; p = feedback factor). The overall or closed-loop gain, G, may be expressed as:

G, =A/(1+BA)

where BA = loop gain. Hence, if f = 0 (i.e. no feedback), then product fA = 0,
and so G, = A (i.e. open-loop gain). If BA > 0, then as (1 + fA) > A, there is negative
feedback from input to output. If BA < 0, then as (1 + BA) < A, a positive feedback
from input to output occurs. As BA approaches —1, the gain may be very large, an
asymptotic increase typical of a reciprocal function. If A = —1, then (1 + fA) =0,
so G. = A/0, infinite gain. In this circumstance, a “runaway” situation will develop.
For any function f(x) = 1/x, x = 0 corresponds to a discontinuity or singularity where
the function “explodes” to +/— oo and so is not defined.

Might these feedback concepts be applicable to hippocampal function? Hebb
characterised short-term memory as a reverberation of the closed loop of hippocam-
pal cell assemblies [95], and negative feedback was an integral component of Marr’s
computational theory of archicortical function [81] (although the understanding of
hippocampal neuroanatomy was somewhat different at the time Marr was writing).

If, based on its particular neuroanatomy, the hippocampal formation is character-
ised at the neural network level as a system of multiple, embedded loops, a feedback
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loop model of TGA pathophysiology may be envisaged. The proposed chain of
causation is as follows.

Changes in the internal and external environment, the recognised precipitating
factors of TGA (e.g. emotional, physical stressors; Chap. 8), lead to changes in
interoceptive and exteroceptive signalling which converge on EC from association
cortices. These increased inputs, perhaps acting on a predisposed system (as evi-
denced by, for example, an underlying migraine tendency, or genetic predisposition
from a family history of TGA; Chap. 7), result in increased activation through the
rest of the hippocampal formation. This might occur in various ways, involving the
long, intermediate and/or short hippocampal formation loops. Specifically, opening
of the dentate gate (i.e. less filtering) with repeated stimulation [91]; increased
transmission through the TA pathway from EC to CA1; and/or enhanced autoasso-
ciation in CA3 recurrent collaterals (see Fig. 9.2). Positive feedback in any or all of
the embedded loops would lead to amplified, neural firing, exacerbated if there were
concurrent impairment or failure of inhibitory mechanisms (negative feedback from
inhibitory interneurons) to stabilise inputs to the hippocampal closed-loop circuits.
If gain within any or all of the loops becomes infinite, runaway neural firing results
in a singularity or discontinuity: there is failure of synaptic transmission around the
circuit, or elements thereof, with consequent failure of hippocampal mnestic func-
tions, manifest clinically as the anterograde and retrograde amnesia typical of an
episode of TGA. The duration of the TGA episode is then determined by the time
required for the refractory system to re-establish normal synaptic transmission
through the feedback circuit (see Sect. 9.7.5 for a consideration of pathogenic
mechanisms).

Of course, this feedback loop model of TGA has limitations. Whilst simple sys-
tems may be described as exemplars of either negative or positive feedback, this
categorisation may not be so easily established in the presence of multiple loops.
Complex systems, wherein the loops are not independent (i.e. non-linear), may have
complex behaviours and may best be treated as a whole.

9.7.4 CA3 Autoassociative Attractor Model

Inspired by the work of Brindley (1969) [96] and of Marr (1971) [81], and by the
first analysis for operation of a synaptic network of Barlow and Levick (1965) [97],
Bennett et al. suggested that the CA3 pyramidal neuronal connections formed an
autoassociative network [98]. The random connections of CA3 neurones through
recurrent collaterals were envisaged as the neuroanatomical substrate for the
retrieval of memories under specific conditions. (Note that, in light of the applica-
tion of linguistic philosophical considerations, discussed by Bennett and Hacker
[99] and ultimately dating to Wittgenstein, Bennett subsequently reinterpreted his
model ([100], p.106-7,112,114)). Following this, CA3 has been characterised as a
single, global autoassociative attractor network [101].
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Attractor networks, based on the cortical anatomy of recurrent collateral excit-
atory synaptic connections between pyramidal neurones, may constitute a funda-
mental principle of cerebral cortical function. This architecture has been used to
develop computational models of attentional, perceptual, mnestic and decision-
making functions and has also prompted predictions about impaired function in
certain clinical disorders of the brain [101-104].

In a simple attractor network (Fig. 9.4), external inputs to neurones, e;, produce
output (postsynaptic) firing, ;. Through recurrent collateral synapses, wy, e; is asso-
ciated with itself through presynaptic firing, r;. Associative learning results in a
change in synaptic weight, dw;;, dependent on pre- and postsynaptic firing:

ow, =ku.r,

where k is a constant. The network behaves probabilistically, influenced by the
strength of inputs, settling in a stable fixed attractor state or, in terms of an energy
landscape, basin of attraction: either a spontaneous low firing rate state, or one or
more persistent high firing rate states, respectively shallower or deeper basins of
attraction.

Positive feedback is inherent to the operation of attractor networks, implemented
through the recurrent collateral connections. The risk of exponential growth and
instability, with runaway neural firing, is prevented in the attractor network by the
non-linear activation function of neurones, such that they function in a binary (i.e.
firing or non-firing) rather than a continuously graded (linear) mode. The threshold
is set in part by negative feedback from inhibitory interneurons.

In the particular case of the CA3 autoassociative attractor network, positive feed-
back via recurrent collateral connections between CA3 pyramidal neurones can sus-
tain persistent neuronal firing, thus implementing different memories. Because of
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the widespread nature of the CA3 recurrent collateral connections, there is a fair
chance that any one set of active neurones may be associated with any other set,
these arbitrary associations forming a potential mechanism for implementing the
different aspects of an episodic memory. CA3 attractor dynamics determine whether
anew memory is stored, as a consequence of pattern separation with formation of a
new basin of attraction, or an existing memory is retrieved, as a consequence of pat-
tern completion and reactivation of an existing basin of attraction. Recoding in CA1
of information from CA3 is proposed to set up associatively learned back projec-
tions to the neocortex, itself modelled as multiple local attractor networks, based on
the local recurrent collateral connections of neocortical pyramidal cells, to allow
subsequent retrieval of information.

Applications of attractor theory to explain certain neurological and psychiatric
diseases, such as obsessive-compulsive disorder, schizophrenia and depression,
have been presented ([103], p.305-35). In addition, age-related impairments of epi-
sodic memory have been characterised as a reduction in the depth, and hence stabil-
ity, of the basins of attraction of hippocampal attractor memory-related networks
([103], p.335-43; [104]). These conceptualisations might be extended to the
case of TGA.

If, based on its neuroanatomy, hippocampal CA3 is characterised at the neural
network level as a single global autoassociative attractor network, a model of TGA
pathophysiology may be suggested [105]. The proposed chain of causation is as
follows.

Positive feedback through the recurrent collateral CA3 connections becomes
excessive as a consequence of changes in interoceptive and exteroceptive signalling
converging on EC from association cortices, related to the recognised precipitating
and predisposing factors for TGA (emotional stress, physical effort, etc.). There is
enhanced activation of CA3 pyramidal cells via PP and DG inputs from EC to CA3
(Fig. 9.5). The binary mode functioning of CA3 neurones (firing or not firing) con-
sequent upon their non-linear activation function renders them susceptible to not
firing due to changes in threshold, related to concurrent impaired negative feedback
from CA3 inhibitory interneurons. A runaway situation with infinite gain in the
short CA3 feedback loop develops, resulting in a singularity or discontinuity, with
failure of synaptic transmission (these steps overlap with those outlined in the feed-
back loop model in Sect. 9.7.3).

In terms of the attractor schematic (Fig. 9.4), postsynaptic firing, r;, tends to zero,
and hence the change in synaptic weight, dwy;, also tends to zero. With no change in
synaptic weights, no encoding of new memories or reactivation of existing memo-
ries within the hippocampus can occur. With loss of the output (CA3) neuronal fir-
ing (r;), the network cannot compensate. There is loss of fault tolerance, one of the
recognised properties of attractor networks, with catastrophic collapse of function,
rather than the graceful degradation (proneness to error) anticipated with increased
noise in a neural network, as may occur in age-related episodic memory impairment
or Alzheimer’s disease. In terms of the energy landscape, the system is unstable and
flips to a shallower basin of attraction.
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Fig. 9.5 Detail from Fig. 9.2 showing proposed hypothesis of TGA pathogenesis: excessive posi-
tive feedback in A/C loop following increased neocortical input to entorhinal cortex causes func-
tional ablation of CA3 and failure of onward synaptic transmission to CA1l and neocortex. PP,
perforant path; MF, mossy fibres; TA, temporoammonic pathway; A/C, associative/commissural
loop; SC, Schaffer collaterals

Inactivation of the hippocampal CA3 attractor network accounts for inability to
encode new associations (anterograde amnesia) and to retrieve some existing mem-
ories (retrograde amnesia). In addition to impaired recognition memory (pattern
completion), evidence for impairment of pattern separation during acute TGA has
been presented [106].

The consequent failure of feedforward excitation of CA1 from CA3, and hence
of back projections to the neocortex from CA1 (Fig. 9.5), may also contribute to the
failure to retrieve previously learned information, hence contributing to the retro-
grade amnesia (and possibly explaining its variable duration).

The intrinsic indeterminacy of attractor networks may also have some mechanis-
tic corollaries of clinical relevance to TGA. Because of the stochastic operation of
autoassociative attractor networks (as in the state-transition model; Sect. 9.7.2), it
might be predicted that some TGA episodes may occur without obvious precipitants
or triggers, but as a consequence of an inherently noisy system (possibly related to
predisposing factors) flipping to a spontaneous low firing rate state as the most sta-
ble basin of attraction in the energy landscape.

Interindividual variation in the stability of the global CA3 attractor network may
render some individuals at greater risk of episodes of TGA and their recurrence.,

This vulnerability might be structural or physiological, perhaps related to devel-
opmentally defined alterations in brain networks [68] or subtle variations in ion
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channel kinetics. Genetically determined factors may also be relevant, such as
migraine tendency and/or family history of TGA, putting these individuals at greater
risk of TGA.

9.7.5 Spreading Depolarisation

The feedback loop and CA3 autoassociative attractor models (Sects. 9.7.3 and
9.7.4) of TGA may be predicated on hippocampal anatomy and function, but what
mechanism(s) might underpin these neural network models?

As previously mentioned in the context of migraine (Sect. 9.4), Olesen and
Jorgensen suggested more than 30 years ago that the cortical spreading depression
(CSD) first described by Leao [56] was “theoretically ... a very likely pathogenetic
mechanism of TGA”, and more specifically that “A highly emotional experience
excites the hippocampus. Neuronal activity liberates glutamate, which triggers a
spreading depression resulting in reversible functional ablation of the hippocam-
pus” ([60], p.220). The initial observations of hippocampal changes on MR-DWI in
TGA (Sect. 5.1.2; Fig. 5.1) were interpreted as evidence in favour of a CSD mecha-
nism in TGA (e.g. [107, 108]). The mechanism of spreading depression remains a
potential candidate explanation for TGA [109]. A revision of this suggestion may
align with the postulated neural network models of TGA pathogenesis.

Spreading depression is now characterised as part of a continuum with spreading
depolarisation (SD). SD is a wave of electrophysiological hyperactivity followed by
a wave of inhibition which propagates across the cerebral cortex at around 1-10 mm/
min. SD may be triggered by different processes, including severe ischaemia,
hypoxia, hypoglycaemia and epileptic events. SD is thought to disrupt neuronal
electrical activity through changes in extracellular ion concentrations, particularly
increased [K*], toxic release of glutamate, dispersion of electrochemical gradients
(failure of Na'/K*-ATPase pumps), mitochondrial dysfunction and cytotoxic
oedema, leading to prolonged neuronal membrane depolarisation and refractoriness
to neuronal impulse and synaptic transmission (for more detail on SD, see reviews
[110-112]).

Extracellular glutamate accumulation may exacerbate neuronal depolarisation
via glutamate receptors, a further positive feedback loop. NMDA receptors, with
their high conductance and slow kinetics compared to AMPA receptors, may be
particularly significant. In simulations of attractor dynamics, relatively small
changes in NMDA receptor conductance can result in reduced firing rate, synaptic
strength, basin depth and signal-to-noise ratio [101]. With the gradual restoration of
ionic electrochemical gradients through the action of energy-dependent ion pumps,
which also promote glutamate uptake, neuronal membranes repolarise and synaptic
transmission resumes. This restoration may correlate with recovery from the clini-
cal episode of TGA and resumption of episodic memory function.

SD is recognised to be a heterogeneous entity, the exact nature of which is
affected by the triggering event and by genetic background. It has been implicated
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in various disease processes, including stroke, traumatic brain injury, epileptic sei-
zures and sudden unexplained death in epilepsy, as well as migraine aura, but recent
reviews of SD do not mention, other than in passing, the previously postulated role
in TGA. Many of the proposed mechanisms of SD are shared with epileptic seizures
and ischaemia [113], but their occurrence in a hippocampal formation with essen-
tially normal synaptic structure and perfusion may result in no significant long-term
structural change. The vascular response to SD is variable, including both vasocon-
striction and vasodilation. This might account for some of the variability in the
changes in brain diffusivity seen on MR-DWI in TGA.

If SD is a “universal principle” of lesion development ([112], p.1572), it may be
that TGA is a symptom complex which occurs as a consequence of SD. Current
understandings of the pathogenesis of TGA (epilepsy, stroke, migraine) may not
necessarily be mutually exclusive, indeed might be reconciled by the mechanisms
of SD. For example, the TGA-migraine link may indicate a shared susceptibil-
ity to SD.

If the TGA rubric encompasses different entities, with TGA being a symptom
complex [8] rather than a single specific disease entity, this might explain contradic-
tory findings of epidemiological studies on factors such as the presence or absence
of particular vascular risk factors. SD has also been proposed as an explanatory
mechanism for seizures following migraine (migralepsy) and for migraine stroke or
migrainous infarction [114].

9.7.6 Hypothesis: Proposal, Evidence, Predictions
and Shortcomings

Could the proposed models of TGA, in particular the CA3 autoassociative attractor
neural network catastrophic degradation model (Sect. 9.7.4), and the mechanism of
spreading depolarisation (Sect. 9.7.5) be developed into a hypothesis of TGA patho-
genesis which has an evidential basis and can make testable, falsifiable,
predictions?

The hypothesis for the CA3 autoassociative attractor model may be stated as fol-
lows [105]. Proposal: An episode of TGA results when excessive positive feedback
through the short recurrent collateral loops in the hippocampal CA3 region causes a
temporary functional ablation of an autoassociative attractor neural network, flip-
ping it to a spontaneous low firing rate state as the most stable basin of attraction in
the energy landscape. Mechanistically, this is caused by a wave of spreading depo-
larisation which results in a cascade of biochemical and biophysical changes which
produce prolonged neuronal membrane depolarisation and refractoriness to neuro-
nal impulse and synaptic transmission, manifest clinically as the episode of antero-
grade and (variable) retrograde amnesia.

Some existing evidence may be deemed consistent with this hypothesis. Reports
of functional neuroimaging studies, almost invariably undertaken post-TGA, have
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generally shown hypoperfusion (SPECT) and hypometabolism (PET) in and beyond
medial temporal lobe structures (Sect. 5.2.1 and 5.2.2), but these imaging modali-
ties are known to have low spatial resolution. Resting-state functional MR imaging
has shown reduction in functional connectivity within the episodic memory network
bilaterally during TGA, including but not limited to the hippocampus, and more
evident in the hyperacute phase and fully reversible with time (Sect. 5.2.6).
Unintentional induction of TGA when testing deep brain stimulation electrodes,
found on subsequent MR brain imaging to have been misplaced in the right hippo-
campus, was interpreted as caused by either inhibition of local neuronal activity or
fibre activation by high current density via direct electrical stimulation of hippo-
campal structures [78] (Sect. 9.7.1).

Evidence which may falsify, rather than verify, a hypothesis is acknowledged to
be the most stringent test, as any hypothesis that cannot be rejected is outside the
realm of the empirical. Studying TGA in vivo is difficult since experience indicates
that opportunities are few and of relatively brief duration (e.g. [115].). Hence, any
falsifiable clinical predictions of the hypothesis would be difficult to test logisti-
cally. The most parsimonious test would be to look for changes consistent with SD
in the hippocampal CA3 region during a TGA episode, since its absence would
falsify the hypothesis. However, clinical monitoring of SD is currently limited to the
use of subdural electrode strips placed by highly invasive neurosurgical intervention
[116]. This ultimate test of the hypothesis must await the development of other, less
invasive, technologies which can reliably detect SD in vivo.

The rostrocaudal extent of the hippocampal formation is about 5 cm in length,
and hence SD, propagating at 1-10 mm/min, would be anticipated to progress
through it in about 5-50 min, too short a time to be observed by any investigative
modality unless by extreme chance a patient developed TGA whilst in close prox-
imity to suitable equipment. Were that to be the case, then powerful structural imag-
ing, for example with 7 Tesla MR, might be predicted to detect the acute changes of
cytotoxic oedema which typically accompany SD within the hippocampus (follow-
up 7 T MR imaging studies of TGA showed no visible sequelae [117]). Other inves-
tigational options might include magnetoencephalography (MEG) to image
hippocampal activity [118] or high-resolution MR spectroscopy [119]. AC/DC-EEG
to measure propagated negative DC potentials, which are thought to be markers of
SD, might also be used [120].

In addition to clinical investigations during an episode of TGA, testable predic-
tions at the epidemiological level may be made in light of the hypothesis. For exam-
ple, SD is recognised to reduce seizure threshold [111]. If this were the case
following TGA, patients might be predicted to have increased vulnerability to the
emergence of epileptic seizures. There is some tentative evidence in favour of this
(see Sect. 6.3.4 for summary). Instances of TEA following TGA (Sect. 3.2.2) in
association with medial temporal lobe structural abnormalities on standard MR
imaging sequences might also be taken as support for the prediction of the
hypothesis.

The proposed hypothesis is, of course, not without shortcomings. Two particular
limitations may be highlighted: firstly the observed age-related incidence of TGA
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(Sect. 7.4) and secondly the MR-DWTI findings (Sect. 5.1.2). The increasing inci-
dence of TGA with age might be explicable in terms of aging-related vulnerability
of the hippocampal attractor network to noise-related instability, as for aging-related
decline in episodic memory ([103], p.335-43; [104]), but the apparent decline in
TGA incidence in the latest decades of life would not be predicted by this mecha-
nism. This might possibly be an artefact of case underascertainment and/or under-
reporting of TGA in the very elderly. If genuine, it might be related to declining
susceptibility of the brain to SD with age [121]. A lower experimental threshold for
SD induction in females [111] might be consistent with the female preponderance
seen in most TGA cohorts [26] (Sect. 7.5).

The MR-DWI neuroimaging findings suggesting the evolution of neuronal meta-
bolic stress in CA1 elude definitive explanation, although might be a consequence
of enhanced transmission through the direct TA pathway from EC to CA1. The vari-
able vascular response to SD may also be relevant. The time course with which
these imaging changes evolve suggests they may be downstream and non-specific
events [122], a transient diaschisis related to the relative vulnerability of the CAl
hippocampal sector to hypoxic and ischaemic insults which has long been recog-
nised [123, 124] and may perhaps be a consequence of mitochondrial dysfunction
[125]. Notwithstanding the neuroimaging findings, the suggested model does not
envisage TGA to be simply a consequence of a lesion or lesions restricted to CAl
(see also Sect. 5.1.2.6).

9.8 The Future?

How might the understanding of TGA be taken forward in the coming years? One
might anticipate developments both at the individual and epidemiological levels.

At the individual level, investigation of patients in the acute phase of TGA using
neuroradiological and neurophysiological methods of increasing sophistication
might shed further light on pathogenesis (Sect. 9.7.6). This poses significant logisti-
cal challenges, including transporting patients to hospital as soon as possible after
onset of TGA and provision of suitable facilities for assessment and investigation in
emergency care or acute neurology settings. Addressing some of these challenges
might be facilitated by awareness raising measures delivered to both clinicians and
the general populace. However, since the most significant elements of TGA patho-
genesis (e.g. spreading depolarisation) may predate clinical mnestic and behav-
ioural symptomatology, even this may not be sufficient for meaningful investigation
of pathogenesis, since by the time of assessment only downstream events might be
accessible to study. Remote monitoring of patients susceptible to recurrent TGA, if
these could be identified (Sect. 6.2.2), might address this, if suitable technology
could be developed (the neuronal equivalent of a cardiac loop recorder?) and
patients could be persuaded to accept its use.

To better understand possible predisposing factors such as age, gender, ethnicity,
and history of migraine and psychiatric/psychological disorders, as well as
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precipitating factors, further large epidemiological studies of TGA are required.
Ideally, such studies should be population-based to avoid bias. Ideally, there should
be a minimum dataset collected for each patient, inquiring about pertinent clinical
issues. Further consideration may need to be given to revising the Hodges and
Warlow (1990) diagnostic criteria for TGA [77] to include MR-DWTI (as has been
previously suggested, e.g. [126]., p.109; see Sect. 2.2.2) to ensure relatively homo-
geneous patient cohorts and to exclude TGA mimics. Unbiased genome-wide asso-
ciation studies based on patients recruited to such studies, as well as metabolomic
studies, might potentially shed further light on factors involved in TGA pathogenesis.
It may eventually be possible to move beyond purely descriptive neuroscience.
As understanding of brain functional mechanisms develops, it may become possible
to undertake computer-modelling of normal and pathological hippocampal neuro-
nal network functions, perhaps using simulations of models such as those suggested
here (Sects. 9.7.2,9.7.3, and 9.7.4). By factoring in changes such as spreading depo-
larisation, it may be possible to see if TGA-like changes can be reproduced.

9.9 Closing Summary

Although much has been learned about TGA in the six decades since its first clear
description, much still remains to be learned. The enigma of TGA pathogenesis will
undoubtedly continue to intrigue clinicians and neuroscientists, and prompt further
studies of this fascinating symptom complex/condition, not only because of its clin-
ical significance but also because of the light it may shed on the cognitive architec-
ture and mechanisms of human memory.
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