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Table S Prevalence of vascular risk factors and migraine in the TGA and non-TGA
cases

TGA Cases Non-TGA Cases
n=114 n=39
No % (95%CI) No % (95%CI)

Ischaemic heart disease:
i) Angina 7 6 (2-10) 4 10 (1-20)

ii) Myocardial Infarction 3 3 (0-6) 4 10 (1-20)
iii) Either of above 8 7 (2-12) 4 10 (1-20)
ECG*: Abnormal 20 19 (11-27) 10 32 (16-49)
Atrial fibrillation* 3 3 (0-6) 1 3 (0-9)
Hypertension:

i) diagnosed at anytime 25 22 (14-29) 15 38 (23-54)
ii) On medication 20 18 (11-25) 11 28 (14-42)
iii) BP > 180/100 42 37 (28-46) 18 46 (30-62)
Structural heart disease# 8 7 (2-12) 3 8 (0-16)
Cerebrovascular disease 6 5 (1-9) 4 10 (1-20)
Carotid bruit 10 9 (4-14) 5 13 (3-24)
Diabetes mellitus 2 2 (0-4) 2 5 (0-12)
Polycythaemia* 6 5 (1-9) 5 14 (3-25)
Hypercholesterolaemia* 18 19 (11-27) 6 20 (6-34)
Smoking: ever 56 49 (40-58) 21 54 (38-70)

current 17 15 (8-21) 8 20 (8-33)
Migraine: Common 31 27 (19-35) 11 28 (14-42)

Classical 26 23 (15-30) 8 20 (8-33)

*denotes that not all cases had the relevant investigation.
#any diastolic murmur, systolic murmur >2/4 intensity, known cardiomyopathy congenital
heart disease or past open heart surgery.

The first, a 60 year old man, presented follow-
ing a typical attack ofTGA lasting eight hours.
He reported that his sister and mother had had
similar episodes. His sister had been admitted
to a local hospital during her attack and
examination of the case records confirmed a
history characteristic of TGA. His mother's
episode had occurred many years before, she
had since died and medical records were not
available. The second case, a 66 year old
woman, presented after a typical episode of
TGA. She reported that her brother had had
an identical attack some years before, further
details were not available. The overall rate of
familial TGA in this large series of 114 cases
was therefore 1-75% (95% CI 0 to 4-2%).
There were no familial cases in the non-TGA
group.

Vascular risk factors
The prevalence of risk factors in the two groups
is compared in table 5. Although the prevalence
ofvirtually all factors studied was greater in the
non-TGA group in no instance did this reach
significance. Of the six TGA patients (5 3%)
with a past history of cerebrovascular events,
two had sustained strokes (one vertebro-basilar
territory infarct and one cerebral hemisphere
infarct) and four TIAs (three carotid and one
posterior territory). In contrast, four of the
non-TGA patients (10.2%) had had a stroke or
TIA (one vertebro-basilar TIA, one bilateral
-occipital haemorrhages, one left hemisphere

Table 6 Comparison of the number of deaths and vascular event in the TGA and
non-TGA groups

TGA Cases Non-TGA Cases
n = 114 n = 39
No (%) No (%)

Deaths: Total 2 (1-8) 5 (12-8)
Vascular 0 4 (10-2)
Non-vascular 2 (1-8) 1 (2-6)

Stroke (fatal and non-fatal) 2 (1-8) 4 (10-2)
TIA 4 (3-5) 0
Myocardial Infarction (fatal and non-fatal) 0 3 (7 7)
Stroke, myocardial infarction or vascular death 2 (1-8) 7 (17.9)

infarct and one amaurosis fugax). This
difference was not significant (OR 2-0; 95% CI
0.3 to 14 9%).

Migraine
Among definite TGA patients a third gave a
history of migraine (as diagnosed by a doctor at
any time); 27% had common and 23% classical
migraine (that is, paroxysmal hemicranial
headache accompanied by visual or other focal
phenomena). The peak age of onset was in the
second decade but occasional cases with onset
in the sixth or seventh decade were observed.
The prevalence of migraine, by all criteria, was
not significantly greater in the TGA group than
in the non-TGA group.

History of epilepsy
Patients with active epilepsy were excluded
from the definite TGA category. Three (2-6;
95% CI 0 to 5.5%) TGA patients gave a
history of seizures, in all cases many years
before their attacks of TGA. In the non-TGA
group two (5-1 %; 95% CI 0 to 12-0%) patients
had active epilepsy, one as the result of herpes
encephalitis many years before and the other
as the result of cerebral haemorrhage, both
remained on anticonvulsants. Their attacks
were indistinguishable from TGA but in view
of their known active epilepsy they were
included in the non-TGA group.

Alcohol intake and laboratory evidence of covert
alcoholism
The majority (70%) of TGA patients were in
the habit of drinking regular small amounts of
alcohol, although in only very few cases was the
intake heavy. Using the criteria recommended
by the Royal College of Physicians42 (more than
20 units per week) 10% were deemed excessive
drinkers. By the less stringent criteria of the
Royal College of Psychiatrists4" (more than 56
units per week) none of the group were drink-
ing at a dangerous level. Laboratory evidence
of covert alcoholism was largely lacking: none
of the patients had a raised MCV, two had
mildly elevated GGTs in the 50-60 iu/l range
which was of doubtful significance, only one
patient had a definitely raised GGT of 200 iu/l.
The proportion of non-TGA cases who were
regular drinkers was not significantly different
from the definite TGA group. Laboratory
evidence of alcoholism was found in one patient
whose GGT was elevated at 100 iu/l. None had
a raised MCV.

CT brain scans
All CT scans were performed on a Siemens
DR1 with the gantry angled to 10° above the
orbito-meatal line. In the supratentorial com-
partment contiguous 8 mm slices were used and
below this level the interval was 4 mm. Con-
trast enhancement was not used routinely.
Ninety five (83%) of the definite TGA cases,
including a consecutive series of 50 prospec-
tively collected patients, were scanned at an
average of 40 days post-attack (range seven to
100 days). There were no instances of cerebral
tumour. The only case of major arterial
territory infarction was in a patient with a
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Syndromes of transient amnesia: towards a classification: A study of 153 cases

Table 7 Comparison of the vascular event incidence and mortality rate (per 100 000
patient years offollow up) in the TGA and non-TGA groups

TGA Non-TGA Ratio
Cases Cases Non- TGA/TGA
n=114 n=39

Stroke (fatal and non-fatal) 613 2193 3-6
Mjocardial Infarction (fatal and non-fatal) 0 3290
Deaths: Total 613 5384 8-8

Vascular 0 4387
Non vascular 613 1097 1 8

Stroke, myocardial infarction or vascular death 613 7677 12 5

known old stroke. Eleven (12%) had small deep
white matter/basal ganglia lacunar lesions or
peri-ventricular lucencies but in no cases did
these involve known memory related structures
(medial thalamus and temporal lobe). Cerebral
atrophy was present in 15% and was judged to
be mild in 10% and moderate in 5%.

In the non-TGA group CT scans were
performed on 33 (85%) at between 10 and 90
days post-attack. There were no tumours. Two
patients with prior strokes had large areas of
cerebral infarction. The proportion of cases
with small deep white matter lesions or atrophy
(13% and 15%, respectively) was not sig-
nificantly different to that in the definite TGA
group).

OUTCOME
1 VASCULAR EVENTS AND DEATHS
The number of deaths and vascular events in
the TGA and non-TGA groups are compared
in table 6 and the incidence data in table 7. The
two deaths in the TGA group were both due to
non-vascular causes (one multiple myeloma,
one prostatic carcinoma), whereas of five
deaths among non-TGA cases, four were due
to vascular causes (two myocardial infarction
and two stroke). When standardised for the
length of follow up the mortality rate of the
non-TGA group was approximately nine times
that of the TGA group and Kaplan Meier (life-
table) survival analysis confirmed a significant
difference between the groups at the p =
0-0048 level (fig 3). The excess mortality in the.
non-TGA group was due to an increase in
vascular deaths (stroke, myocardial infarction
or sudden death). Life-table analysis of
survival stratified by cause of death showed a
significant difference between the groups for
vascular deaths (p = 0-006) but not for non-
vascular deaths (p = 0-47).
When fatal and non-fatal vascular events

(stroke, myocardial infarction or sudden death)
were combined the difference between the

Figure 3 Kaplan Meier
survival curves (till
death) comparing the
TGA and non-TGA cases.
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Figure 4 Kaplan Meier survival curvesfor survival
freefrom stroke, myocardial infarction or sudden death
(excluding non-vascular deaths) comparing the TGA
and non-TGA cases.

groups was highly significant (p = 0 003, see
fig 4). Expressed as an annual rate, TGA
patients had a 0-6% per annum rate of major
vascular events compared with 7-7% in non-
TGA patients.

2 EPILEPSY
Of the total 153 patients in the study, 14
became overtly epileptic during follow up.
Eight of these were in the definite TGA
category and six in the non-TGA group. The
proportion of cases in the TGA group who
developed epilepsy although smaller (7-0%,
95% CI 2-3 to 11-7%) was not significantly
different (OR 2-4; 95O% CI 0-6 to 9 6) to the
proportion ofnon-TGA cases (15-4%; 95%O CI
4-1 to 26.7%). None of these patients had a
history of epilepsy before their first attack of
amnesia. Most developed epilepsy of complex
partial type.
Ofthe eightTGA patients with a subsequent

diagnosis ofepilepsy, seven developed episodes
of altered consciousness with blankness,
staring or automatism followed by periods of
amnesia, often with repetitive questioning.
The other patient developed major tonic-clonic
generalised seizures. The time to onset of
epilepsy was less than one year from the most
recent presenting attack ofTGA in all but two
cases. The range was from four weeks to three
years. The annual rate of epilepsy development
was 2-5%, but as virtually all patients manifest-
ing epilepsy did so within 12 months the rate
for the first year offollow up was approximately
7%. CT brain scans and routine EEG record-
ings performed after the presenting TGA
episode were normal in all cases.
Of the six non-TGA patients who developed

epilepsy five had been included in this category
because their original attack(s) had been poorly
witnessed. The other patient, included because
of additional features during the presenting
amnesic episode, appeared vague, complained
of hemisensory symptoms, was weepy and
could not recall his wife's name. Six months
later he had a further similar episode but on this
occasion was clearly more confused and inter-
mittently vacant. An EEG during this attack
showed paroxysmal bilateral temporal sharp
waves. All six developed complex partial
seizures, four within six months of their
original presentation. CT scans were normal in
all cases. EEGs performed after their present-

0 1 2i3 4
Years
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ing attacks were abnormal in five, but only two
showed clear-cut epileptic activity (runs of
bitemporal spikes or sharp waves), the others
had non-specific focal slow waves. It was noted
that of the 22 patients included in the non-
TGA category because of poorly described or
unwitnessed attacks (without other
neurological features), five (23%) have sub-
sequently developed seizures.

Clinicalfeatures predictive ofsubsequent epilepsy
There was a striking association between the
number of attacks at presentation and the
subsequent manifestation of epilepsy in both
the definite TGA and non-TGA cases. Of the
17 TGA cases initially presenting after more
than one attack six subsequently developed
epilepsy (35-3%; 95% CI 12-6 to 58 0%),
whereas of the 97 assessed after a single attack
only two became epileptic (2 1 %; 95% CI 0 to
5.0%). This difference was highly significant
(OR 25-9%; 95% CI 61 to 109). The same
trend was apparent in non-TGA cases. Of the
13 patients presenting after multiple attacks,
six became epileptic (46 2%; 95% CI 19-1 to
73 3%). By contrast, none of the 26 patients
assessed after a single episode developed
epilepsy. This difference was also highly sig-
nificant (OR 43-7; 95% CI 3-8 to 500).
The duration of presenting episode was the

other predictive feature. Of 10 definite TGA
patients with attacks lasting less than one hour
five developed epilepsy (50%; 95% CI 19 to
81%), whereas of 104 patients with attacks of
one hour or more only three developed seizures
(2-9%; 95% CI 0 to 6%). This difference was
highly significant (OR 33-7; 95% CI 8-3 to
136). Other clinical features not predictive of
subsequent epilepsy included age, sex,
behaviour during the attack and activity at
onset.

Analyses of the positive and negative predic-
tive values for epilepsy development after
TGA revealed the following results. Of the
eight patients who subsequently developed
epilepsy four had both multiple and brief
attacks (that is, less than one hour). Whereas of
the 106 who did not develop epilepsy none had
both features. The positive predictive value for
epilepsy when both features were present was
thus 100% and the negative predictive value
96-4%. Similar calculations showed that the
positive predictive value when one or both
features was present was 33-3%. Duration of
attack was a better predictor than multiplicity
since the positive predictive value of brief
attacks was 50-0% and that of multiple attacks
35-3%. The negative predictive values in both
cases was very high at 97-1% and 97-9%,
respectively. Thus, the likelihood of develop-
ing epilepsy when both factors are absent is
extremely low. Whereas, the likelihood is
extremely high when both are present. When
either factor alone is present the likelihood is
between a third and a half.

3 RECURRENT AMNESIA
The recurrence rate (excluding cases with
subsequent epilepsy) was low in both the TGA.

and non-TGA groups: nine of 114 TGA
patients (7.9%; 95% CI 2.9 to 12.8%) and four
of the 39 non-TGA cases (10.3%; 95% CI 0-8
to 19-8%) had a further attack ofamnesia. This
difference did not reach significance. Expres-
sed as an annual rate approximately 3% of
TGA patients experienced a recurrence each
year.

Discussion
The results of this study show that the
proposed criteria for TGA can be applied to the
majority ofpatients presenting with acute tran-
sient memory loss, and with the exception of a
small and largely predictable subgroup who
subsequently develop epilepsy, they designate
a group with a good prognosis. By contrast,
patients with attacks which do not fulfil the
criteria for TGA have a significantly worse
outcome. This suggests that there are several
distinct causes of transient amnesia. There is
little support for a cerebrovascular aetiology
for pure TGA (as defined) but it may be
responsible for the small proportion of cases in
whom added neurological features are present
during the attack. The question ofthe aetiology
ofpureTGA is considered in the context ofthe
complementary case-control study.24
The demographic features of the TGA

patients in our study were very similar to those
previously reported. The vast majority of
attacks occurred between the ages of 50 and 80.
The mean age in twelve large series was 61
years. 2 6-12 16 26 274TGA appears to be more
common in men although the reported sex ratio
has varied considerably; in the larger series
(cited above) males predominated in seven and
females in five. The slight bias in favour of
social class I may have reflected a difference in
referral pattern. It seems very likely that
patients from higher social groups would be
preferentially referred by their general prac-
titioners. Since the diagnosis depends upon
accurate eye witness reports, less articulate
families from lower social classes may have
difficulty in describing the complex symp-
tomatology of TGA to their general practi-
tioners, and are perhaps less likely to request
a specialist opinion.

Occasional authors have reported multiple
attacks at presentation ofTGA in up to 50% of
their cases6 but most series have included
between 10 to 30% of cases with more than one
episaode.'2162526 In our series 85% presented
after a single attack. The mean duration of
attacks in the present study was relatively brief
at 4 2 hours and attacks ofgreater than 12 hours
were exceptional. In two recent large studies
the mean duration was in the order of six
hours.2627
Most patients have a permanent retrograde

amnesic gap for events before the clinical onset
of TGA. The only author to have previously
drawn attention to this phenomenon is
Fisher.'5 In his review of 76 personal cases,
almost a half had a permanent retrograde gap,
and the distribution of duration of retrograde
amnesia was very similar to that observed in
our cases. The number of patients in the non-
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TGA group in whom assessment could be
made was too small to draw any firm con-
clusions. However, it was notable that excep-
tionally long permanent retrograde deficits
were present in several non-TGA patients.

Despite the fact that in only a minority of
patients could TGA be linked to an identifiable
precipitating factor, the proportion associated
with some activities such as swimming or
medical procedures appeared to be higher than
would be expected in a control population of
this age. There have been no previous prospec-
tive studies of the frequency of precipitating
factors. In the large retrospective study by
Miller et al,27 7% of their 347 attacks were
preceded by sexual intercourse, temperature
extremes or medical procedures and 22% were
associated with emotional stress or exertion. In
a study based on case note review, Shuping
et al9 found that in 15% of their 41 cases the
attacks were associated with bathing in cold
water, sexual intercourse or strenuous activity.
It is possible that the apparently high
prevalence of unusual precipitating factors
results from referral bias, in that patients with
attacks occurring after such events may be
more likely to be referred to hospital. The role
ofphysical and emotional stress in the aetiology
of TGA remains unsettled. A controlled study
comparing life and other events in TGA
patients and normal subjects would be very
helpful, but clearly very difficult to conduct
proDerly.

it is well established that alcoholics suffer
from periods of amnesia, so-called "alcoholic
blackouts".33 There was no suggestion,
however, that alcohol played an aetiological
role in the vast majority of TGA cases in this
study. Most patients took only a small quantity
of alcohol. None were known to be alcoholics
and although 10% of the TGA group did
exceed the stringent Royal College of
Physicians4' recommended upper level, none.
drank above the Royal College of Psychia-
trists43 level for addiction, and laboratory
evidence of covert alcoholism was absent.
The first report of familial TGA was that by

Corston and Godwin Austen.30 Since then a
number of other authors have reported further
cases.3' 32 There have been no previous
attempts to estimate the frequency of a positive
family history in a large series. Our study
suggests a prevalence in the order of 2%. Since
TGA is a relatively unusual condition, with an
estimated minimum annual incidence of
approximately two per 100,000,24 the finding of
a familial rate of2% represents a very substan-
tial (hundred fold) increase above the expected
familial rate.
The patients with definite TGA had a very

good prognosis. Their rate ofsubsequent major
vascular events was less than 1% per annum,
which was probably not above that expected for
a similarly aged normal population. This find-
ing is in keeping with the two large follow up
studies of TGA patients reported from the
Mayo Clinic27 and from Denmark26 in which
virtually identical diagnostic criteria were used.
In both of these studies the rate of subsequent
stroke was no higher than that expected in the

local community. Furthermore, the results of
our complementary case-control study24
showed that the incidence of both vascular
events and deaths was very significantly greater
following TIA than following TGA. The
earlier follow up studies, which found much
higher rates of subsequent vascular-events and
deaths, had small patient groups and used
broader selection criteria including a substan-
tial proportion of patients with additional
neurological features during the attack.7"'
One unexpected finding was the high rate of

subsequent epilepsy in the TGA patients even
when strict diagnostic criteria were applied.
Presumably their presenting attacks were
seizures in which the brief epileptic features
went unnoticed and in whom amnesia was the
most predominant feature. Two important
clinical features predicted a high likelihood of
epilepsy development: multiple attacks at
presentation and briefepisodes lasting less than
one hour. The positive predictive value of
epilepsy development when both features were
present was 100%, when only one feature was
present the positive predictive value fell to
between a half and a third. However, the
likelihood of epilepsy development in the
absence of these features was no greater than
40o. Clearly, patients with either of these
features should be followed closely and given a
more guarded prognosis. Unlike patients with-
out either predictive feature, such patients
should perhaps be advised against driving, at
least for 12 months post-attack. CT scans were
normal in all subsequently "epileptic" patients
and the routine EEG performed post-TGA
attack was not helpful. It should be noted that
other clinical features, such as repetitive
questioning and retrograde amnesia did not
separate TGA patients who developed epilepsy
from those with a good outcome. Clearly not all
cases ofTGA are due to epilepsy, but the same
indistinguishable clinical phenomenon of tran-
sient anterograde and retrograde amnesia may
arise following complex partial seizures.

Previous follow up studies of TGA patients
have not revealed such a high rate of epi-
lepsy."57"244 This is surprising because most
authors have used much broader diagnostic
criteria and have included patients with unwit-
nessed episodes of amnesia or with additional
neurological features during the episode. Since
case ascertainment in previous studies was
entirely retrospective it is conceivable that
patients who later developed epilepsy were
excluded because it was decided that their
original attack could not have been true TGA.
The recurrence rate of pure TGA was low.

In this study only 8% had a further attack.
When adjusted for length of follow up the rate
was approximately 3% per annum. The latter
figure is very close to that reported by Hinge et
al26 who found an annual recurrence rate of
4-7% in their series of 74 cases. Other authors
have reported rates between 6% and 57% but
have not adjusted for length of follow
up7 8 111244

Previous studies of CT scan abnormalities
followingTGA have produced apparently con-
flicting results. A number of authors have
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reported case series with a high prevalence of
abnormalities, notably areas of presumed
infarction." 122829 However, these series have
all included patients with major neurological
deficits (hemianopia; hemiparesis) during the
attack and/or permanent memory loss; such
cases would now be more properly classified as

amnestic strokes.45 4 It is therefore not surpris-
ing that a number of cases with infarction in the
left posterior cerebral artery territory were

found. By contrast, Crowell et al'6 found no

significant abnormalities in 12 patients having
CT scans. Caplan25 after reviewing the CT
abnormalities in all reported cases stated that
insufficient data were available to reach any

general conclusions and that there was a need
for a study ofCT scan abnormalities in a larger
group of patients with clearly defined TGA.
The results of this study confirm the normality
of CT scans in patients with clearly defined
TGA. On the basis of this evidence, we would
not recommend routine scanning of patients
presenting after a single attack of definite TGA
ofmore than one hour in duration and in whom
no relevant abnormalities are detected on

neurological examination. In patients with
atypically brief, or recurrent attacks or who do
not fulfil the criteria for TGA, routine CT
scanning should perhaps be performed.
The clinical features, excluding those used as

part of the diagnostic criteria, which separated
the definite TGA and non-TGA patients were

relatively few. A significantly greater propor-
tion presented after more than one attack and
were aged less than 50 years. Exceptionally
long permanent retrograde memory deficits
were present in several non-TGA patients and
neurological abnormalities post-attack were

significantly more common. However, the
latter was to be expected since a third of the
non-TGA cases were included in this category
specifically because of the presence of
additional neurological features during the
attack. Although the prevalence ofvascular risk
factors was consistently greater in the non-

TGA group this difference did not reach statis-
tical significance, perhaps because of the much
smaller number of cases in this category. A
larger epidemiological study comparing "pure
TGA" with non-TGA cases is required to
settle this question.
The natural history of non-TGA patients

was, however, significantly different to that of
the pure syndrome. The incidence of major
vascular events was more than 10 times greater
than in the "pure TGA" group. Patients with
unobserved episodes of amnesia had a par-
ticularly high rate of subsequent epilepsy. The
implication of these findings is clear. Patients
presenting with an amnesic episode which is
either unwitnessed, poorly documented or

accompanied by focal neurological features
should be closely observed and given a guarded
prognosis. These findings also suggest that the
non-TGA group are indeed a separate popula-
tion. A third of the cases in this category had
focal neurological features during the attack. It
seems likely that these cases, who represent
only a minority of the total cases with transient
amnesia, do have a thrombo-embolic

cerebrovascular aetiology, in contrast to the
"pure TGA" cases.

In conclusion, transient amnesia is a
heterogeneous clinical syndrome. The
proposed criteria for TGA do indeed define a
population with a good outcome and little to
suggest cerebrovascular disease as a cause of
their amnesia. In this group, which we would
designate "pure TGA", there is no need for
extensive investigation. Such patients can be
confidently assured of a good prognosis and can
be advised to continue driving. A subset of
"pure TGA" patients, largely identifiable
because of atypically brief or recurrent attacks,
develop epilepsy. Patients presenting with
brief or recurrent attacks are best designated as
"probable epileptic amnesia" cases. A more
guarded prognosis and more complete inves-
tigation are indicated in these patients. A
further small group of patients whose episodes
do not fulfil the criteria forTGA because of the
occurrence of additional focal neurological
features during the attack have a significantly
worse prognosis for serious vascular events. It
seems that in these cases, who represent only a
minority of cases presenting with transient
amnesia, cerebrovascular disease is probably
the responsible aetiological agent, such cases
should thus be classified as "probable transient
ischaemic amnesia".

This study was supported by a grant from the Medical Research
Council. We thank Lesley Jones for her assistance with the
computer programming.
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