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Background and Aim: Transient global amnesia (TGA) was first described by Bender in
1956 and is characterized by sudden, temporary, and anterograde memory loss. This study
aimed to explore the possible mechanisms of and lesions responsible for TGA.

Methods: Retrospective data were collected from all patients with TGA admitted to
Zhongshan Hospital, affiliated with Xiamen University, between October 1, 2011, and
October 30, 2018. Information about the TGA condition, previous history, and clinical
examination of the TGA and control groups was recorded. Functional magnetic resonance
imaging was performed on the patients to explore the possible lesions responsible for
TGA.

Results: A total of 73 patients with TGA and 73 age- and gender-matched controls were
included in the analysis. The differences in the migraine history (9/2, p = 0.038) were
statistically significant in both groups, but no statistically significant difference was observed
regarding the history of hypertension, diabetes, and other diseases. In addition, seven patients
with TGA had lesions located in the hippocampal CA1l region; the dome column and
hippocampal CA1 region exist in the same functional loop and play a synergistic role. The
average follow-up period in the groups was 36 months. During the follow-up period, no
significant differences in cerebral infarction, cerebral hemorrhage, CHD, or TGA attack
between the groups were observed.

Conclusion: Migraine may be a risk factor of TGA, and cerebral infarction may be one of
the pathogeneses. The brain area responsible for TGA may involve a memory loop compris-
ing the hippocampal CA1 region and the fornix column among other parts.
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Introduction

Transient global amnesia (TGA) is a rare syndrome characterized by sudden
onset of anterograde amnesia that universally lasts for up to 24 h.' The exact
pathogenesis of TGA is unknown.” Nevertheless, various etiological hypoth-
eses, including arterial ischemia, migraine, venous reflux disorder, and seizure,
have been presented. The arterial ischemia theory is dominant, so TGA is
classified as a transient ischemic attack. It is assumed that TGA is a clinical
syndrome and that its responsibility is not limited to the hippocampus. In this
research, a case-control study is conducted on patients with TGA, and func-
tional magnetic resonance imaging (fMRI) is performed to explore the possible

pathogeneses, responsible lesions, and long-term prognoses of TGA.
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Patients and Methods

Patients

This retrospective study involved data from patients with
TGA admitted to Zhongshan Hospital, affiliated with
2011,
October 30, 2018. The control group, with matching age

Xiamen University, between October 1, and
and sex, was enrolled in the physical examination depart-
ment of the same hospital; the age was matched by
+1 year.

The diagnostic criteria were as follows: 1) anterograde
amnesia; 2) witnessed by an observer; 3) no loss of con-
sciousness or personal identity; 4) no other cognitive
impairments besides amnesia; 5) no recent history of
head trauma or seizure; and 6) symptoms that abate within
24 h.>* The exclusion criteria were: 1) hypoglycemia at
onset; 2) severe liver and kidney dysfunction; and 3) his-
tory of malignant tumor.

The inclusion criteria of the control group were: 1)
underwent physical examination in the same period
and 2) consented to follow-up. The exclusion criterion
was meeting any one of the following: 1) moderate cog-
nitive dysfunction during physical examination; 2) history
of TGA; 3) severe liver and kidney dysfunction; and 4)
history of malignant tumor.

Data Collection

The data collected in this study were as follows: 1) demo-
graphic data, including age, sex, and patient’s dominant
hand; 2) past medical history, including hypertension, dia-
betes, hyperlipidemia, atrial fibrillation, stroke, migraine,
TGA attacks, and seizures; 3) clinical features related to
TGA attacks,
Valsalva movement, emotional agitation) and duration; 4)

including inducing factors (dizziness,

clinical and laboratory information, including admission
blood glucose and lipids and auxiliary examinations, such
as electrocardiogram, electroencephalogram (EEG), com-
puted tomography (CT), jugular artery and vein ultra-
sound, MRI (TIWL, T2WI, DWI,
inversion recovery [FLAIR], pattern deformation techni-

fluid-attenuated

que for hippocampal zoning, and probabilistic fiber tracer),
and brain vascular evaluation (CT angiography [CTA], CT
perfusion [CTP], and magnetic resonance angiography
[MRA]); and 5) follow-up content, including survival,
cerebral infarction, cerebral hemorrhage, TGA attack,
and congestive heart disease. The termination points
were as follows: patients died due to any reason or the
follow-up time reached the end point (June 30, 2019).

MRI Data Processing
Three-dimensional (3D) structural imaging was performed
in the patients with hippocampal lesions, and a graphic
deformation technique was employed to divide the hippo-
campus into 3D structural images. Then, DWI was projected
onto the structural images based on brain edge alignment to
locate the specific lesion areas in the hippocampal region.
According to the marginal alignment of the brain, the
subdivision of the hippocampus was projected onto diffu-
sion tensor imaging [DTI], and a probabilistic fiber tracer
was applied in the bilateral hippocampal CA1 region. This
region was used as the seed point, and the bilateral fornix
column was set as the target point to show the path of the
nerve fibers in the region.

Statistical Analyses

Levene’s test was applied to explore the type of data
distribution for the descriptive data. A f-test was con-
ducted to compare the variables between the TGA and
control groups when the test statistics followed a normal
distribution. Otherwise, a nonparametric test was con-
ducted to compare the variables. Categorical variables
were examined using a chi-square test or Fisher’s exact
test. All tests were two-sided. A value of P < 0.05 was
considered statistically significant. All analyses were per-
formed using SPSS 20.0.

Results

A total of 73 patients with TGA and the same number of
matched controls were included in the study (Figure 1).
The result of Levene’s test was p = 0.818 when the age
between the TGA and control groups was compared, and
the result was p = 0.901 when the age between the patients
with DWI lesions and controls was compared. A ¢-test was
conducted to compare the age variable. The baseline data
of the groups are presented in Table 1.

Clinical Features of TGA

The patients” symptoms were as follows: sudden onset of
anterograde amnesia accompanied by repetitive question-
ing, lasting up to 24 h. The following clinical features
were related to TGA. Triggers occurred before the attack.
In total, 21 patients herein had predisposing factors,
including Valsalva movement before onset in 9 patients
and emotional agitation in 12 patients. Regarding the
duration of attack, the known duration of 49 patients
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Date for 76 cases from hospital database

(

1 not witness by
the observer

1 loss of
consciousness

1 other cognitive
impairments

Glucopenia

Dementia

3 cases excluded

73 cases included in study

Figure | Patient selection flowchart.

ranged from 15 min to 13 h, and the average duration was
45+28h.

Examination Data

In terms of the examination data, EEG was performed on
only eight patients, and the results were normal. The
symptoms of one of these lasted for three hours, and
three days after the symptom recovery, this patient com-
pleted the EEG examination with normal results. In the
fourth year of follow-up, the patient had a TGA relapse but
was not admitted to a hospital for treatment and did not
undergo EEG examination. In addition, one patient had
symptoms lasting less than 30 min; however, they did not
undergo EEG examination, and there was no recurrence of
TGA during follow-up.

Furthermore, 67 patients with TGA were examined via
MRI within seven days after admission; 58 had normal
DWI, and 9 had hyperintense lesions on DWI. In addition,
seven patients had lesions in the hippocampus (two patients
with bilateral hippocampal infarction), one patient had
a lesion in the thalamus, and one patient had a lesion in
the occipital lobe (Figure 2). The time to initial DWI from

symptom onset was between 28 and 120 h in nine patients
with a high signal on DWL

Hippocampal Subfields

The hippocampus was segmented into 12 subregions; each
section is shown in Figure 3. It was found that the DWI
lesions were located in the hippocampal CA1 area.

Nerve Fibers in the Hippocampal CAI
Region

The bilateral hippocampal CA1l region was used as the
seed point, and the bilateral fornix column was set as the
target point to show the path of the nerve fibers in the
region (Figure 4). The results indicated that the nerve
fibers in the bilateral hippocampal CAl area converged
to the bilateral fornix column.

Vascular Assessment

The vascular assessment results (CTA/CTP/MRA) of 67
patients with TGA were improved, and 59 patients were
normal. However, eight patients had abnormal cerebral
arteries: Three had severe stenosis of the M1 segment of
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Table | Clinical Information of 73 Patients with TGA and
Control Group

Characteristics TGA Controls P
Number 73 73 -
Sex: Female 49 49 1.000
Age(y), meantSD 62.0+8.5 62.0+8.0 0.545
Hypertension 21 13 0.115
Diabetes I 12 1.000
Hyperlipidemia 18 17 1.000
Atrial fibrillation 3 [ 0.625
Previous stroke 3 [ 0.625
History of migraine 9 2 0.038
History of TGA 3 0 -
Seizures/epilepsy 0 0 -
Follow-up 68 67 1.000
TGA | 0 -
Death | 0 -
Cerebral infarction | | 1.000
Cerebral hemorrhage | 0 -
Congestive heart disease 0 | -

the middle cerebral artery (the right side in two and the left
side in one); three had steal syndrome; one had stage 3
Moyamoya disease; and one had arteriovenous malforma-
tion in the right occipital lobe. In addition, 2 of the 59
normal patients were subjected to CTP. One was still in the
attack stage of TGA, and their symptoms had not yet
ceased. The results showed that the medial side of the
right temporal lobe and the basal ganglia had hypoperfu-
sion, but no obvious vascular abnormality was found in
this patient (Figure 5).

Follow-Up

Among the 73 patients with TGA, 68 completed the fol-
low-up. The average follow-up period was 36.0 = 22.6
months. Four patients had end events: one case of death,
one case of recurrent TGA, one case of cerebral infarction,
and one case of cerebral hemorrhage. In the control group,
67 patients completed the follow-up, among whom 1 had
cerebral infarction and 1 had myocardial infarction.

Analysis of Risk Factors
Among the 73 patients with TGA, 9 patients with lesions
on DWI were compared with the other patients in terms of
risk factors for cerebrovascular disease (Table 2). The
results showed that the differences between the groups
were not statistically significant.

Discussion

Hippocampal Ischemia/Infarction

In the present study, DWI revealed that nine patients
with TGA had hyperintense lesions (Figure 2), sugges-
tive of cytotoxic edema in the hippocampus. Moreover,
six of these patients were considered to have cerebral
vascular disease (including patients with previous atrial
fibrillation, low CTP perfusion, microembolism, and/or
previous risk factors for vascular disease). Three of
them were unable to be classified. These findings sug-
gested that vascular disease is one of the pathogeneses
of TGA. In addition, two patients with TGA were exam-
ined through CTP, which showed low perfusion in the
medial temporal lobe (Figure 5). One patient’s symp-
toms had not yet alleviated, but the patient had no
obvious vascular abnormalities, indicating that vascular
disease is a pathogenesis of TGA.

studies lobe
ischemia;>”” however, many other studies do not support

Previous have proposed temporal
this mechanism, and several major reasons have been pre-
sented. First, patients with TGA have no increased risk
factors of cerebrovascular disease compared with healthy

controls.*'* Consistent with previous studies, our study

Figure 2 (A) DWI image of patient. The arrows point to DWI lesions in the
hippocampal CAl area; (B) DWI image of patient. The arrows point to DWI lesions
in the hippocampal CAl area.
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Figure 3 Hippocampal subdivision image. The highlights in the figure are high-signal lesions on DWI, showing bilateral hippocampal lesions located in the hippocampal CAl,
as shown by the arrows. (A-J) showed the hippocampus from different planes. (K-M) showed a 3D partition map of the hippocampus from three directions. The (N-Q)
white arrows indicate the CAl lesions in the hippocampus. The red area in (A—Q) is the hippocampal CAl area.

examined the risk of cerebrovascular events in both groups,
and the results demonstrated that the patients with TGA did
not have high risk factors of cerebrovascular disease. Second,
the risk of cerebrovascular events in patients with TGA does
not increase during the follow-up period,'®™"* which is also

supported by our research. During our follow-up period, no

Figure 4 DTl images of the hippocampal CAl region. Tracer of nerve fibers in the
two-sided hippocampal CAl area, showing the bilateral fornix.

statistically significant differences in cerebrovascular events
between the TGA and control groups were observed. Third,
although high signal lesions were detected in the hippocam-
pus during DWI, the patients seemed to recover within two
weeks. Finally, the patients’ symptoms were alleviated
rapidly, and the recurrence rate was low.

Considering these problems, we present the following
findings: On the one hand, we found a case with a large
number of micro-embolus signals detected during Valsalva
motion through a transcranial Doppler (TCD) test.
this
a patent foramen ovale, and left hippocampal infarction

Moreover, patient’s heart ultrasound revealed
was shown as a lesion on DWI. The CTA was normal in
the cerebral vascular territories. These results suggested
that a mechanism of TGA might be related to microembo-
lization. Patients with cerebral infarction caused by embo-
lism often have no risk factors of cerebrovascular disease.
this
a counterpart. Cases of suspected microembolization in
patients with TGA have been reported.'*'> On the other

hand, our examination of the high signal intensity in the

Therefore, instance is not unique but has

hippocampus on DWI revealed that the volume of a high
signal focused on DWI was exited volatility, accounting
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Figure 5 CTP images of patients at the onset stage. The figure shows that the right
cerebral blood volume was normal, the cerebral blood flow decreased, and the
peak time and mean transit time were extended. Therefore, local blood perfusion
was possibly reduced.

Abbreviations: CBF, cerebral blood flow; CBV, cerebral blood volume; TMax,
peak time; MTT, mean transit time.

for a low proportion of the total volume of the hippocam-
pal CAl region, eg, the volume of the lesions in the

hippocampus in this study.'® Furthermore, the size of the

Table 2 In Patients of TGA, 9 Patients with DWI Lesions Were
Compared to the Rest of the Patients

Characteristics DWI Lesions | No DWI Lesions | P

Number 9 58 -

Sex: Female 6 40 1.000
Age(y), meanxSD 59.7+8.3 61.7+8.5 0.534
Hypertension 2 16 1.000
Diabetes I 8 1.000
Hyperlipidemia 2 15 1.000
Atrial fibrillation I 2 0.356
Previous stroke 0 2 1.000
History of migraine | | 7 1.000
History of TGA | 2 0.356
Seizure/epilepsy 0 0 -

Abbreviations: TGA, transient global amnesia; SD, standard deviation; DWI, MR
diffusion-weighted imaging.

lesions ranged from 2.22 to 64.9 mm® (mean = 22.3 m°).
In another study, 11 patients showed punctate foci of
restricted diffusion in the hippocampus (mean size =
3.7 mm; range = 2.0-6.5 mm)."” This observation was
confirmed in our research. In particular, the lesions in the
hippocampus of seven patients were only punctate.
Moreover, DWI revealed lesions in the hippocampus, and
FLAIR indicated lesions in several patients but no lesions
in others. Additionally, DWI showed cytotoxic edema.
When cell injury leads to abnormal metabolism, a high
signal may be shown on DWI. When the damage affects
the tissue, FLAIR exhibits a high signal, indicating that the
hippocampus was damaged during the TGA attack. When
some of the damage factors disappear quickly, the damage
does not involve the tissue, and the FLAIR sequence will
not show high signal intensity. After the onset of TGA, the
hippocampus is damaged, as supported by previous

. 16,18,19
studies,'®!®

which also proposed that the damage elicits
an effect after the onset.

In summary, our study indicated that several of the
patients with TGA had hippocampal ischemic injury and
that the possible mechanisms involved microembolization
and arterial spasm among other processes. The overall
function of the hippocampus could be recovered quickly
since the proportion of injury was small. Previous studies
that the

vulnerability.'"® In metabolic vulnerability, the lower the

have found hippocampus has metabolic
threshold, the easier it is for damage to occur. With the
occurrence of necrosis or tolerance in hippocampal cells
with a low threshold, the recurrence decreases. Although
these assumptions are reasonable, further evidence is

needed to prove them.

Lesions on DWI

The patients with TGA and lesions on DWI were further
examined using fMRI. Similar to the results of previous
studies, 12:16:17:20-25

DWI were mainly located in the hippocampal CAl area

our findings showed that the lesions on

(Figure 3). Seven of the patients with TGA and hippocampal
lesions on DWI were right-handed, suggesting that the left
cerebral hemisphere was dominant. The DWI sequence
showed that the fewest lesions were in the left hippocampal
CA1 region (including two bilateral hippocampal lesions and
five simple left hippocampal CA1 lesions). This suggested that
transient memory processing in the hippocampal CA1 region
might exist predominantly in the hippocampus or be function-
ally differentiated in the bilateral hippocampus. Several studies
have also proposed that the function of the bilateral
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hippocampus differs and that damage in the left hippocampal
CAI region leads to memory impairment.*®

Functions of Hippocampal CAIl Area
Previous studies have shown that the hippocampal CAl

202728 including immedi-

area has several main functions,
ate memory processing and memory retrieval and repro-
duction. This information is also consistent with clinical
findings. Although some patients have immediate memory
disorders, other disorders may occur in the retrieval and
reproduction of long-term memory. Nevertheless, not all
long-term memory retrieval and reproduction are involved.
Other loops may participate in long-term memory extrac-
tion and reproduction, and the hippocampal CA1 area is
mainly implicated in processing immediate memory.

The Brain Area Responsible for TGA

Probabilistic fiber tracking was performed in the patients
with lesions in the bilateral hippocampal CAl area; the
results showed that the nerve fibers of the bilateral
hippocampal CA1l convened to the fornix column. This
phenomenon explained a previously reported case,'’
which indicated that fornix column infarction could
lead to TGA attack. Our study structurally supported
that the hippocampal CA1 region and the fornix column
are in the same functional loop and provided a basis for
stating that amnesia is caused by fornix column infarc-
tion. This type of amnesia has characteristics of TGA
and other conditions since it may also involve the func-
tion of the fornix column in other functional loops. The
fornix column may have a synergistic effect with the
hippocampal CA1l region. In addition, recent research
has demonstrated the association of the hippocampal
CA1l area with the ventral tegmental area and long-
term memory during associative encoding tasks.”’ In
contrast, the functional connectivity between the hippo-
campal CAl area and DG/CA3 is greater during retrie-
val tasks than during encoding tasks; the strength of this
connectivity is significantly correlated with retrieval
success. Other studies have reported that the hippocam-
pal CA1l area transfers the activity of the CA3 area to
other brain regions within the hippocampal trisynaptic
pathway as the main relay station.”’ Therefore, our
results suggested that the hippocampal CA1l region
might act as a relay station in memory processing and
transfer information from the CA3 area or other areas to
other brain regions through the fornix column. The

focus in this pathway could destroy the integrity of the
loop and lead to a TGA attack.

Migraine

Our study found a significant difference in the history of
migraine between the groups (Table 1). Similar to the
findings of previous studies,’® our results supported that
migraine is a risk factor of TGA. We also found that the
patients with migraine were more likely to develop TGA
(IRR = 248, p = 0.002). It has been recognized that
cortical spreading depression exists in the pathological
mechanism of migraine. Several studies®® have suggested
that this could explain why patients with migraine are
likely to suffer from TGA: Cortical spreading depression
inhibits neuronal activity by changing the excitability of
neurons in the hippocampal CA1 region, possibly leading

to CA1 neuronal damage.*'*?

Valsalva Movement

Some patients with TGA have Valsalva movement before
onset, which might be an inducing factor of TGA. Several
studies have proposed that Valsalva movement may lead to
venous blood reflux disturbance.**** Therefore, it might
be one of the inducing factors of TGA. It is attributed to
cerebral venous reflux disorder in the temporal lobe and
also causes an increase in pressure in the chest cavity,
thereby hindering the reflux of the internal jugular vein
to the superior vena cava. Retrograde blood flow occurs in
the jugular vein when patients have jugular vein insuffi-
ciency; venous hypertension in the medial temporal lobe is
subsequently observed, possibly causing TGA.**** Other
studies have reported that patients with TGA have a high
rate of abnormal internal jugular vein.*>>® Unfortunately,
most patients in the current study did not undergo jugular
ultrasonography, and we failed to reveal possible jugular
vein insufficiency in the patients with Valsalva movement
before the disease onset. However, as mentioned earlier, in
one patient, a large number of micro-embolus signals were
detected in retrograde during Valsalva movement in the
TCD test. This patient’s heart ultrasound also revealed
a patent foramen ovale.

In summary, Valsalva movement might induce TGA.
The possible pathogenesis may involve venous hyperten-
sion in the medial temporal lobe or abnormal embolism.
Therefore, patients with TGA, especially those with
Valsalva movement before onset, should have improved
ultrasound of their jugular vein and heart as well as a TCD
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test to detect jugular vein insufficiency and abnormal
embolism.

Epilepsy

Although several studies have reported an abnormal EEG in
patients with TGA, they failed to diagnose epilepsy.”'~’ In
most studies, the EEG of patients with TGA returns to
normal after the patients have recovered from TGA, so the
findings are not sufficiently convincing. In our study, eight
patients underwent EEG, and their results were normal.
Importantly, for one patient, this was during a TGA attack,
and the symptom was not alleviated. Furthermore, this
patient’s EEG results were normal, so our study does not
support epilepsy as a pathogenesis. However, TGA should be
distinguished from transient epileptic amnesia (TEA). The
time of onset of TEA is short (usually a few minutes), and it
is often a recurrent attack. It may be accompanied by oral
automatism and olfactory or gustatory hallucinations.
Moreover, TEA is characterized by an abnormal EEG in
the temporal or frontotemporal regions. Therefore, patients
with TGA should have a refined EEG to exclude TEA if their
symptoms last for a short time and occur repeatedly.

Limitations

In retrospective data collection, information may be lost,
as we experienced in our research. Several control aspects
were carried out: After the data were collected, they were
proofread by another researcher. Then, during follow-up,
inaccurate information was confirmed with the patients
and their families. Uncertain information was excluded
from the statistical analysis, and vulnerable indicators
were avoided in the discussion. Therefore, these differ-
ences did not affect our main results.

A memory scale was not used to evaluate the memory
of the patients with TGA in our study. In a previous study,
microstructural sequelae were still detected in the hippo-
campus after TGA.'® In addition, recent research has
shown that patients’ memory behavior still seems abnor-
mal after recovery from the symptoms of TGA.?
Therefore, in the future, a memory scale should be used
to quantitatively evaluate whether the sequelae of memory
exist in patients with TGA and further elucidate this
condition.

Conclusion

Migraine may be a risk factor of TGA, and cerebral
infarction may be one of the pathogeneses. The brain
area responsible for TGA may involve a memory loop

comprising the hippocampal CAl region, the fornix col-
umn, and other parts. After a TGA attack, the long-term
prognosis is good.

Ethics Approval and Consent to

Participate

We confirm that we have read the Editorial Policy pages.
This study was conducted with approval from the Ethics
Committee of Zhongshan hospital, Xiamen University.
Patient consent to review their medical records was
required by the Ethics Committee of Zhongshan hospital,
Xiamen University. And written informed consent was
obtained from all participants. This study was conducted
in accordance with the declaration of Helsinki.
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