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PURPOSE

Transient global amnesia (TGA) is characterized by sudden loss of memory of recent events, tran-
sient inability to retain new information, and retrograde amnesia. We investigated the chang-
es of regional cerebral blood flow in patients with TGA shortly after symptom onset and after
recovery using Tc-99m-ethyl cysteinate dimer single-photon emission computed tomography
(Tc-99m ECD SPECT) and statistical parametric mapping (SPM) analysis.

METHODS

Six right-handed patients with TGA were studied using Tc-99m ECD SPECT shortly after symptom
onset and after recovery. As a control group, six healthy individuals were also studied. Images
were analyzed using SPM8 using voxel-based analysis to estimate the differences between TGA
patients and controls.

RESULTS

There was significant hypoperfusion in the left hippocampus, left thalamus, and bilateral cer-
ebellum. In the follow-up SPECT scan, hypoperfusion in hippocampus and thalamus were re-
stored, while hypoperfusion was noted in the temporoparietal region.

CONCLUSION

Our results suggest that the underlying mechanism of TGA may be temporary ischemia in the
hippocampus and thalamus. There was significant restoration of perfusion in the hippocampus
and thalamus after recovery from TGA.

ransient global amnesia (TGA) is characterized by a sudden onset of anterograde and

retrograde amnesia that lasts up to 24 hours without other neurologic signs or symp-

toms (1-3). Although epilepsy, transient thromboembolic ischemia, and migraine
have been suggested to play a role in its pathophysiology (4), regions of the brain that are
responsible for critical memory loss during TGA attacks are yet to be elucidated.

Given the common impairment of explicit memory during the attack, damage of mesial
temporal formation has been suggested in TGA. Several studies have attempted to identify
structural and functional problems of mesial temporal formation in TGA. One study found
increased size and incidence level of cavities in hippocampal area in TGA compared with
normal volunteers (5). Recent studies using diffusion-weighted imaging (DWI) also have
pointed out abnormalities in the hippocampus (6). The findings in brain perfusion studies
are controversial during TGA attack. Decreased perfusion in mesial temporal regions, basal
ganglia, and thalamus has been reported (7). On the other hand, some studies showed in-
creased perfusion in various limbic regions such as hippocampus, amygdala, and thalamus
(1,8,9). However, most publications describing findings of single-photon emission comput-
ed tomography (SPECT) in such patients are in the form of case reports or small cohorts in
which the authors have depended upon visual inspection or region of interest (ROI) meth-
od. These numerical and methodologic limitations obstruct detection of subtle changes in
regional cerebral blood flow (rCBF) during TGA.

Statistical parametric mapping (SPM) is a statistical technique created by Karl Friston for
examining differences in brain activity recorded during functional neuroimaging experi-
ments using neuroimaging technologies such as functional magnetic resonance imaging or
positron emission tomography. This approach produces a“map” of the scanned area (using
x, y, and z axis coordinates) that is represented as voxels. Each voxel typically represents



the activity of a particular coordinate in
three-dimensional space. The exact size of
a voxel will vary depending on the technol-
ogy used.

In this study, we aimed to use SPM analy-
sis and Tc-99m-ethyl cysteinate dimer (ECD)
SPECT scan in TGA shortly after symptom
onset and after recovery to examine if the
hippocampus is preferentially affected
during TGA attack and whether such chang-
es in rCBF in the hippocampus are related
with the disappearance of amnesic episode.

Methods

Subjects

Six right-handed patients with TGA
(mean age 55+3.2 years; five males, one fe-
male) underwent Tc-99m ECD SPECT after
attack (1-7 days) and four patients com-
pleted the follow-up scan after recovery
(1-60 months). Patients with cerebrovascu-
lar disorders, seizures, or recent head inju-
ry were excluded during the initial recruit-
ment. One patient had prior history of TGA,
but this did not affect the next event. The
following variables were recorded for each
patient during the clinical interview: age,
gender, diabetes mellitus, hypertension,
epilepsy, and trauma history. Clinical data
are summarized in Table 1.

Seven healthy volunteers (mean age
46+2.6 years; two males, five females) with
no history of neurologic problems partici-
pated as controls; their Tc-99m ECD SPECT
scans were also obtained. The research was
performed according to the World Medical
Association Declaration of Helsinki with ret-
rospective design.

SPECT scanning

Before tracer administration, all subjects
lay in supine position in a quiet room with
dimmed lights, with their eyes closed; 25
mCi of 99mTc-ECD was injected intrave-
nously while subjects were awake. Approx-
imately 30-60 minutes after radiotracer in-

* The changes of regional cerebral blood
flow (rCBF) of patients with transient global
amnesia (TGA) can be visualized by Tc-99m
ECD SPECT.

* The quantification of rCBF can be analyzed
by statistical parametric mapping analysis.

* There is significant restoration of perfusion
in the hippocampus and thalamus after
recovery of TGA.

Table 1. Characteristics of patients with transient global amnesia

PT1 PT2 PT3 PT4 PT5 PT6
Age (yrs)/Sex 51/M 60/M 55/M 55/M 53/M 57/F
Prior TGA No No No No Yes No
Prior trauma (yrs ago) - - - - 30
Diabetes mellitus - - - - - -
Hypertension - + + -
Length of TGA (hrs) 4 16 24 2 <24 72
Initial scan (days)* 3 1 2 3 7 4
Follow-up scan (months)** 60 21 36 1

PT, patient; M, male; F, female; TGA, transient global amnesia.
*Days from symptom onset; **Months from symptom onset.

jection, SPECT images were acquired using
a three-headed Triad XLT system equipped
with low-energy high-resolution collimators
(Trionix Research Laboratory). Images were
acquired with each head rotating 120° in 3°
steps, creating 120 raw image sets and with
a 10% symmetric window centered and re-
constructed with a Butterworth filter (cutoff,
0.4 cycle/cm; power, 7) and displayed in a
128%128 matrix (pixel size, 3.56x3.56 mm
with a slice thickness of 3.56 mm). Transaxial
images were reoriented parallel to the can-
thomeatal plane as identified by the fiducial
markers. Attenuation correction was per-
formed using Chang’s method (attenuation
coefficient, 0.11/cm) (10).

Image analysis

The changes of regional perfusion of TGA
were tested using SPM8 (Wellcome De-
partment of Cognitive Neurology, Institute
of Neurology http://www.fil.ion.ucl.ac.uk/
spm). Parametric images of 99mTc-ECD
SPECT were spatially normalized into the
MNI (Montreal Neurological Institute, McGill
University) standard template. To minimize
individual anatomical variability and raise
signal-to-noise ratio, the normalized imag-
es were smoothed by convolution with an
isotropic Gaussian kernel with 8 mm FWHM
(full width at half maximum) prior to statis-
tical analysis.

The count of each voxel was normalized
to the average count of the whole brain be-
fore voxel-based analysis. Two-sample t-test
was performed on every voxel to identify
the significant differences between brain
perfusion of TGA patients and those of con-
trols (P < 0.005 uncorrected, k=100) after
removing age factor as a covariate of no
interest. In the regions defined in our a pri-

ori hypothesis (i.e., hippocampus), we per-
formed a spherical small volume correction
(radius 10 mm) and results were considered
significant at cluster-based (family-wise er-
ror) corrected P < 0.05. For ROl analysis, the
data were analyzed by one-way ANOVA,
followed by the Tukey’s HSD post hoc test
and differences were considered significant
when P < 0.05.

Results

Initial scans were acquired 1-7 days after
resolution of amnesia. The follow-up scans
were performed 1-60 months after TGA
attack. The mean global CBF for the TGA
(63.84+30.42) did not significantly differ
from that of the controls (79.29+13.95) (Stu-
dent’s t=1.21, P = 0.25). In the initial scan,
parametricimage analysis revealed that TGA
patients showed significantly lowered per-
fusion in the left hippocampus (Brondmann
area 28), left thalamus and bilateral cerebel-
la compared with normal controls (Fig. and
Table 2). Hypoperfusion observed in the left
hippocampus during the initial scan was
recovered in the follow-up scan, and indi-
vidual rCBFs extracted from volume-of-in-
terest centered at the statistical peak (x=
-18, y=-12, z=-22, radius=3) defined by the
parametric maps confirmed these findings.
There were significant differences in rCBF of
left hippocampus among normal control,
TGA initial, and TGA follow-up scans (F, =
7.69, P = 0.006); subsequent post-hoc anal-
ysis revealed that TGA showed recovered
perfusion in the follow-up scan, which was
not different from normal control (P = 0.82).
However, decreased rCBF could be found
in this region on the initial scan compared
with the follow-up scan (P = 0.02) or normal
control scan (P =0.01).
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Figure. Whole brain group comparison of regional cerebral blood flow differences in transient global amnesia patients (P < 0.005 uncorrected, k=100). The
brain areas that showed significant decrease in the initial (blue areas) and follow-up (red areas) scans are overlaid on multisliced (upper and middle rows) and
rendered (lower row) images using standard brain MRI. The hypoperfused areas are defined in Table 2. TGA, transient global amnesia; NC, normal control.

In the follow-up scan, significantly low-
ered perfusion was observed in the bilater-
al middle temporal and left inferior tempo-
ral gyri, right superior and inferior parietal
lobule, left postcentral gyrus, and left cere-
bellum. Additional hypoperfusion was ob-
served in several visual areas including right
middle occipital gyrus, left precuneus, and
right cuneus (Fig. and Table 2). Significant
hyperperfusion was not seen in either the
initial or follow-up scans compared with the
control group.

Discussion

In this study we were able to find signif-
icant hypoperfusion in the left hippocam-
pus, left thalamus, and bilateral cerebellum
on the basal scan. In the follow-up SPECT
scan, restoration of perfusion in hippo-

campus and thalamus was found, while
hypoperfusion of temporoparietal region
remained.

During amnesic attack all patients had
typical history of TGA, exhibited repetitive
question of “Where am [?” and also report-
ed loss of time orientation. Impairment of
recent memory did not last for more than
24 hours except in one patient who lost
her memory for three days. None of the
patients had recent history of head trauma
other than one patient who had history of
trauma 30 years ago which was considered
to be irrelevant.

During the initial scan, we found de-
creased perfusion in the left hippocampus
and thalamus, which are major components
of the Papez circuit that comprises the hip-
pocampus, fornix, mammillary bodies, an-
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terior thalamus, and cingulate cortex (11).
Impairment of these regions has frequently
been described in patients with permanent
memory loss and hypoperfusion in the
hippocampus during amnestic episodes.
Takeuchi et al. (12) suggested that thala-
mus and angular regions are interrelated to
the symptoms of TGA. Furthermore, signifi-
cantly decreased rCBF in medial temporal
structures including hippocampus during
memory loss of TGA patients has been sug-
gested (12, 13).

In our study, hypoperfusion was also not-
ed in the cerebellum. This finding can be
associated with transient oculomotor ab-
normalities during the TGA attack. Yang et
al. (14) observed oculomotor abnormalities
during TGA attack, which supports the oc-
currence of cerebellar dysfunction. Another

Kim et al.



Table 2. Distribution of voxels and local maxima with hypoperfused lesions in patients with TGA

on initial and follow-up scans

X Y z Brain area BA Z-value
NC>TGA initial

2 -40 -6 Right cerebellum 391
-8 -40 -10 Left cerebellum 3.22
-18 -12 -22 Left hippocampus BA28 3.80
-6 -22 6 Left thalamus 2.96
NC>TGA follow up

-54 -74 14 Left middle temporal gyrus BA39 4.53
50 -72 26 Right middle temporal gyrus BA39 4.36
-60 -56 -8 Left inferior temporal gyrus BA37 4.07
-32 -86 36 Left precuneus BA19 3.64
52 -62 38 Right inferior parietal lobule BA40 4.23
26 -90 34 Right cuneus BA18/19 4.04
28 -54 44 Right superior parietal lobule BA7 3.92
56 -46 20 Right superior temporal gyrus BA22 3.78
-62 -28 44 Left postcentral gyrus BA2 3.56
26 -80 6 Right middle occipital gyrus BA19 3.12
-24 -84 -44 Left cerebellum 3.17

BA, Brondmann areas; NC, normal control; TGA, transient global amnesia.

case report showed left thalamic and cer-
ebellar hypoperfusion on hexamethylpro-
pyleneamine oxime brain SPECT (15). In our
patients, impaired perfusion was only found
in the left hemisphere during acute attack.
These findings are congruous with most
studies of TGA, which reported hypoperfu-
sion or hyperperfusion in the hippocampus,
amygdala, and thalamus of the left cerebral
hemisphere (1, 9, 16). We also found hy-
poperfusion in the cerebellar vermis. This
has been previously reported by Yang et al.
(14) and recent reports have demonstrated
the relationship between the vermis and
memory function. One study showed that
cerebellar vermis blockade causes amnesia
in adult rats when performed immediately
after recall of fear memories, which influ-
ences long-term fear memories.

Findings of previous studies on TGA were
inconsistent, but mostly describe hypoper-
fusion in the temporal lobes (including hip-
pocampus), thalamus, and striatum (1, 3,
8, 9, 17-19). The inconsistency of findings
among studies is probably due to variable
patient characteristics including timing of
scan after the TGA attack, degree of isch-
emia during the scan, and varying cognitive
deficits during and after the episodes (16,
17,19-21).

Hypoperfused lesions detected on initial
scans were all resolved on follow-up scans.
This result is consistent with previous re-
ports (19, 22, 23). Interestingly, a few arti-
cles have demonstrated marginal memory
impairment after recovery from TGA attack
(21). We found additional hypoperfusion in
bilateral temporoparietal and occipital visu-
al areas. Hypoperfusion in temporal cortex
during TGA attack has been reported in
some studies (6, 15), but none of them re-
ported impaired rCBF after TGA recovery in
this region. It is not clear how patients de-
veloped hypoperfusion in temporoparietal
regions. One study reported predominant
left temporal parietal hypometabolism in
patients with a history of TGA who devel-
oped primary progressive aphasia (24). In
addition, many reports described hypoper-
fusion in temporoparietal area in Alzheimer
disease. In this regard, hypoperfusion in
follow-up scans may possibly be associated
with the development of Alzheimer disease
after TGA (25-28).

There are a few limitations in our study.
Since the study was performed in a retro-
spective manner, some subjects underwent
initial SPECT scan after the symptoms had
been relieved. Furthermore, not all patients
underwent a follow-up study. Lastly, the

small number of subjects may be respon-
sible for low statistical significance. Future
follow-up studies with large numbers of
subjects are required to ascertain the mech-
anism of TGA.

In conclusion, this study suggests that
the underlying mechanism of TGA may be
temporary ischemia in the hippocampus
and thalamus. Additionally, we were able
to find restoration of these structures to a
certain degree after recovery of TGA.
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