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Evolution of Temporal
Lobe Hypoperfusion

in Transient Global
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Single Photon Emission
Computed Tomography
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ABSTRACT

Previous functional neuroimaging studies
performed during transient global amne-
sia (TGA) have not answered the central

question regarding the etiology of TGA,
namely: whether the observed hypoperfu-
sion in the mesial temporal lobe structures
reflects a primarily ischemic process or
whether it represents a secondary phe-
nomenon resulting from locally decreased
metabolism. The authors performed Tc
99-m-bicisate brain single photon-emission
computed tomography (SPECT) scanning in
a 66-year-old man during an episode of
TGA, 24 hours after the episode and 3
months after the episode. To the authors’
knowledge, this is the only reported study
in which a follow-up SPECT scan was per-
formed within 24 hours. The initial study
showed bilateral mesial temporal lobe hy-
poperfusion that partially resolved after
24 hours and returned to normal at 3
months. Resolution of the SPECT scan ab-
normalities correlated well with resolution
of the memory loss. These findings agree
with previously reported SPECT, positron-
emission tomography (PET), and diffusion
magnetic resonance imaging (MRI) studies
that indicate the mesial temporal lobe
structures as the major site of pathology in
TGA. The authors suggest that a process
causing decreased local metabolism, such
as cortical spreading depression, consti-
tutes the primary pathophysiologic mecha-
nism in this case.
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hypoperfusion.
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The etiology of transient global amnesia
is still unclear. The most widely accepted
of the mechanisms proposed so far are
Leao’s spreading depression, thromboem-
bolic cerebrovascular disease, and epi-
lepsy (1).

Recent advances in understanding the
pathophysiology of TGA have been pos-
sible largely because of functional neu-
roimaging studies (single photon-emission
computed tomography (SPECT),
positron-emission tomography (PET)
and diffusion magnetic resonance imaging
(MRI)) performed acutely during epi-
sodes of transient global amnesia (2-13).
Most of the reported studies seem to in-
dicate the left mesial temporal lobe struc-
tures as the main site of the pathologic
process in TGA. Other accompanying
abnormal areas have also been
described.

Because none of the previous reports
describe early follow-up imaging, a
correlation between the imaging abnor-
malities and the clinical course has not
been firmly established. We present a
case study of a patient in whom perfusion
deficits in the mesial temporal lobes
resolved in parallel to his clinical
course.

Case Presentation

A 66-year-old, right-handed man was
seen in the emergency room because of
acute onset of memory loss. He was well
until the morning of admission. He had
sexual intercourse, and shortly thereafter
his wife noticed that he did not recall any
events of the previous 2 days. He was
then taken to the hospital where he ar-
rived approximately 2 hours after the on-
set of his memory impairment.

He was fully awake and alert, ap-
peared perplexed, and was asking repeti-
tive questions about his immediate cir-
cumstances. He was oriented to person
and place but not to time. He had a
dense retrograde amnesia for events that
had occurred within the last 2 days and
patchy memory loss for events prior to
that. Immediate memory was intact, but
he could not recall any of the three words
presented to him after 1 minute even af-
ter multiple repetitions of the same three
words. Calculations, abstractions, and rea-
soning were intact. The results for the rest
of the neurologic examination and the gen-
eral physical examination were normal.

He had a history of a myocardial in-
farction (MI) and coronary bypass sur-
gery in the distant past. There was no
history of migraine, epilepsy, head
trauma, or any other neurologic disease.



He was generally enjoying excellent
health prior to his presentation. He de-
nied excessive alcohol consumption or
any recreational drug intake.

The patient thus fulfilied all the diag-
nostic criteria for transient global amnesia
defined as follows (14):

1. The attack must be witnessed.

2. Clear-cut anterograde amnesia during
the attack must be present.

3. Clouding of consciousness and loss of
personal identity must be absent and
the cognitive impairment must be lim-
ited to amnesia.

4. There should be no accompanying fo-
cal neurologic symptoms.

5. Epileptic seizures must be absent

6. Attacks must be resolved within 24
hours.

7. Patients with recent head injury or
known active epilepsy are excluded.

He underwent radionuclide brain
SPECT scanning 4 hours after presenta-
tion while he was still severely amnestic
(Figure 1, Day 1). Approximately 8 hours
after onset of his symptoms, his memory
started resolving gradually with more dis-
tant memories returning first. He had a
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Figure 1.

DAY 90

Brain SPECT coronal 1-cm sections through the brain from anterior to poste-

dense persistent memory loss for the du-
ration of the amnestic episode. By the
next morning when he underwent the sec-
ond radionuclide brain SPECT scan (Fig-
ure 1, Day 2), all the mental state abnor-
malities noted on the previous day were
resolved except for mild impairment of
short-term memory recall (one out of
three objects missed at 5 minutes).

A cranial computed tomographic (CT)
scan performed acutely did not show any
acute lesions. Results of a brain MRI
consisting of sagittal and axial T1-
weighted images, axial and coronal
proton-density and T2-weighted images,
and axial fluid attenuated inversion re-
covery (FLAIR) scans performed the fol-
lowing day revealed a very small old cer-
ebellar infarct and were otherwise
unremarkable. Specifically, the temporal
lobe areas and hippocampi appeared nor-
mal bilaterally. Results of a magnetic
resonance angiographic (MRA) scan of
the Circle of Willis were normal. Results
of carotid, vertebral, and transcranial
Doppler examinations were normal.

The patient was seen in follow-up in
the office at 3 months. He subjectively
continued to do well and had a normal

rior. Day 1. There is diminished radiotracer uptake within the temporal lobes bilaterally,
most prominently in the mesial temporal areas (open arrows), representing diminished
perfusion. The remainder of the cerebral hemispheres, basal ganglia, and cerebellum is
normal. Day 2. Repeat study obtained 24 hours later. Coronal sections in the same projec-
tion. There is improvement of uptake in both temporal lobes. Day 90. Follow-up study at 3
months. Coronal sections in the same projection. Uptake has normalized in the temporal

lobes.
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mental state examination. Around that
time, the third radionuclide brain SPECT
scan was performed (Figure 1, Day 90).

SPECT Imaging

Cerebral SPECT was performed as fol-
lows: peripheral intravenous access was
obtained using a small-gauge angiocath-
eter. The patient was placed supine in a
dimly lit room for at least 5 minutes and
was then injected with 925 mBq (25 mCi)
technetium-99m-bicisate dihydrochloride
(Neurolite) (DuPont; Billerica, MA) and
allowed to rest for another 5 minutes.
The patient then underwent cerebral im-
aging using a dual-headed gamma camera
(ADAC Vertex system) (ADAC; San
Jose, CA), 128 images at 30 seconds per
image, 3° arc. The raw images were fil-
tered and attenuation-corrected, and
1-centimeter slices were reconstructed
along the orbital-meatal line in the trans-
axial, coronal, and sagittal planes

(Figure 1).

Isovolume regions of interest were
drawn according to anatomic templates,
and the mean count rates for each region
of interest (ROI) were obtained in the
following areas: mesial temporal lobe,
frontal lobe, caudate nucleus for each
hemisphere, and cerebellum (Figure 2).
Because comparison to the contralateral
ROI was not possible, the cerebellum was
used as a reference and the ratios of the
ROI mean counts:cerebellum mean
counts were obtained (Table 1). The me-
sial temporal lobe area, because of its
normally low perfusion and its poor de-
lineation with dual-headed SPECT cam-
eras, was considered normal when the
ratio was >0.7. This corresponds to find-
ings reported by previous investigators
(15), who have found mean ratios of 0.76
in healthy individuals.

Findings

There is severe hypoperfusion within the
mesial temporal areas during the attack.
The observed hypoperfusion resolves
only partially at 24 hours. At 90 days the
uptake in the left mesial temporal lobe
has normalized, whereas on the contralat-
eral side, it remains slightly below the
normal range (Table 1). This borderline
abnormal uptake in the right mesial tem-
poral lobe may reflect the previously re-
ported decline with age of regional cere-
bral blood flow in the inferior temporal
lobe in healthy persons, which can be
asymmetric (16). Alternatively, it may be
caused by a structural abnormality not
detected by MRI or by a slower recovery
process of the right mesial temporal lobe
than of the left.
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(A) Tc-99 uptake in the right hemisphere compared to the cerebellum.

(B) Tc-99 uptake in the left hemisphere compared to the cerebellum. The numbers on the
y-axis represent mean counts for each region of interest (ROI).

The increased uptake in the frontal
lobes may reflect frontal lobe hyperperfu-
sion, which has been reported previously
(17). Alternatively, it may represent an
artifact, because artifactually increased
frontal lobe uptake with dual-headed

Table 1. Mean Counts for Each ROI Are
Expressed as Ratio to
Cerebellar Mean Counts

Day1 Day2 Day90

Left mesial

temporal 0.31 0.48 0.90
Right mesial

temporal 0.18 0.37 0.66
Left frontal 1.04 1.19 1.23
Right frontal 0.95 1.27 1.25
Left caudate 0.87 1.29 1.21
Right caudate  0.88 1.15 1.03

ROI = region of interest.
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SPECT scanning is a well-recognized
problem (18).

Discussion
This report characterizes the pathologic
process in transient global amnesia for
two reasons. First, it identifies an ana-
tomic site for the described functional
deficit, and second, it defines the time
course of the observed anatomic abnor-
malities in relation to the clinical course.
With regard to location, this study is
in agreement with findings reported from
previous functional neuroimaging studies
that identify the medial structures of the
left temporal lobe as the major site of
pathology in TGA (Table 2). Our results
are similar to those reported by Stilhard
et al (4), Evans et al (9), and Tanabe et
al (11) and is the fourth report of bilat-
eral mesial temporal lobe hypoperfusion

Journal of Neuroimaging Vol 10 No 4 October 2000

on brain SPECT during TGA, supporting
the idea that the pathologic process is
bilateral in TGA. In contrast, most of the
other functional neuroimaging studies
performed during TGA have shown de-
creased perfusion only in the left tempo-
ral lobe, accompanied in some cases by
abnormal perfusion in areas other than
the temporal lobes (Table 2). The pre-
dominance of abnormalities in the left
mesial temporal lobes is of unclear sig-
nificance. The generally accepted view is
that for amnesia to occur, dysfunction of
bilateral medial temporal lobe structures
is required. It has been postulated that
bilateral mesial temporal lobe dysfunction
does in fact occur, but that, for unknown
reasons, the abnormalities in the left tem-
poral lobe last longer (13).

Regarding the nature of the initiating
event in TGA, there are currently two
major hypotheses; one hypothesis favors
ischemia as the primary process. How-
ever, epidemiologic data showing that
vascular risk factors are no more fre-
quently present in TGA patients than in
the general population is not in favor of
this hypothesis (14,19). The second hy-
pothesis favors spreading depression as
the initiating event in TGA. Compatible
with this theory is the epidemiologic data
indicating an association of TGA with
migraine, the aura of which is thought to
be caused by spreading depression (20).

Single positron-emission computed
tomographic (SPECT) studies performed
acutely during transient ischemic attacks
(T1As) and strokes have shown that in
patients in which brain ischemia is the
cause of neurologic deficits, severe hy-
poperfusion on SPECT (<70% count den-
sities compared to the contralateral ROI)
as early as 6 hours after onset of symp-
toms is predictive of infarction (21,22). In
our patient, the observed hypoperfusion
of both medial temporal lobes on SPECT
and its persistence after 24 hours without
corresponding MRI abnormalities argues
therefore against ischemia as the cause of
memory dysfunction. Also arguing against
ischemia are the normal flow velocities in
all vascular territories on transcranial
Doppler, the absence of carotid stenosis
on carotid Doppler, and the fact that ob-
served hypoperfusion did not respect any
vascular territory.

The method we used for assessment of
cerebral blood flow does not permit any
conclusions as to whether the observed
hypoperfusion reflects primarily ischemia
versus primarily hypometabolism. How-
ever, our findings of prolonged hypoper-
fusion in the absence of structural lesions



Table 2. Findings From the Literature on Neuroimaging Studies Performed During Transient Global Amnesia, With Respect to

Temporal Lobe Hypoperfusion*

PET DW MRI SPECT
Number of reported cases 1 1 17
No. cases with decreased perfusion in L temporal lobe and normal R temporal lobe 171 011 9/17
No. cases with decreased perfusion in R temporal lobe and normal L temporal lobe 01 0/1 1/17
No. of cases with abnormal bilateral temporal lobes 0/1 11 3n7
No. cases with decreased perfusion in other areas (cortex, thalamus, striatum) 11 on 8117

PET = positron emission tomography; DW MRI = diffusion-weighted magnetic resonance imaging; SPECT = single photon emission computed

tomography; L = left; R = right.

*The present case report is not included in the table.

could be better explained by a primarily
hypometabolic event such as spreading
depression, which consists of a short last-
ing depolarization wave, followed by neu-
ronal depression and regionally decreased
blood flow (20). The dynamic nature of
spreading depression could explain why
areas in the brain other than the tempo-
ral lobe displayed abnormalities on
SPECT, PET, and diffusion-weighted
MRI scanning in other reported studies.
The depolarization wave is known to
travel across the cortex at a rate of 3-5
mm/min. Therefore, it is likely that each
of those reported studies represents a
snapshot of the same process at different
stages.
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ABSTRACT

After diagnosing abnormality of cardiac
and carotid—cerebral circulation in an in-
fant with isolated ventricular septal defect
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