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Abstract

Transient global amnesia (TGA) is a clinical syndrome that is characterized by the sudden
onset of anterograde amnesia and a less prominent impairment in retrograde memory lasting
up to 24 h. Although several etiologies have been proposed, including migraine, epilepsy,
ischemia, venous congestion, and glutamate toxicity, none sufficiently explain the disorder in
its entirety. We retrospectively investigated images obtained using single-photon emission
computed tomography (SPECT), performed with **™technetium hexamethylpropyleneamine
oxime, from 11 patients with TGA divided into the following groups based on the timing of
SPECT: during TGA (n = 2, Group 1), at the start of the attenuation of memory impairments
(n= 2, Group 2), and after TGA (n =7, Group 3). Regional isotope accumulation was
examined using a three-dimensional stereotactic surface projection (3D-SSP) analysis. After
calculating the mathematical product of the mean severity and extent ratio, unique
comparable bar graphs were prepared with respect to Brodmann’s areas (B). Increases in
isotope accumulation were the largest in the retrosplenial cortex (B29, B30), posterior
cingulate cortex (B23, B31), and precuneus (B7) in Groups 1 and 2, whereas decreases were
noted in the same regions in Group 3. This is the first study to identify cerebral sites and
describe changes consistent with the completion of amnesia as a symptom using an image
analysis, such as a 3D-SSP analysis. We consider cortical spreading depression (CSD) to be
the etiology of TGA based on maximum isotope accumulation in the above sites and a

literature review on CSD.
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1. Introduction

Transient global amnesia (TGA) was initially described by Benon.! However, a consensus has
not yet been reached on its etiology or pathogenesis.”* TGA is a temporal and functional
clinical syndrome that is characterized by the sudden onset of anterograde amnesia and a
milder retrograde episodic long-term memory distubance,* which has contributed to the delay
in clarifying its pathophysiology and the difficulties associated with diagnostic imaging.
Although several etiologies have been proposed, including migraine, epilepsy, ischemia,
venous congestion, and glutamate toxicity;>” none sufficiently explain the etiology of TGA.
Olesen and Jorgensen® suggested cortical spreading depression (CSD) as an underlying
etiology for TGA, and this is supported by accumulating evidence from an increasing number
of studies.”!> CSD has been detected in the human brain.!'®"!® Corresponding findings on
hemodynamic and morphological changes in TGA and CSD have been separately obtained;
however, similarities between TGA and CSD have yet to be systematically examined. "’
Although we previously proposed a causal relationship between TGA and CSD, our study
involved a small number of patients. Since the latest single photon emission computed
tomography (SPECT) system was introduced in 1992 in Matsusaka Central General Hospital
(M Hospital) to which we belong, the 1* session of SPECT has been performed on patients
with TGA during an attack and a few hours after the completion of the attack. In addition, the
2™ session of SPECT has been conducted on the same patients after a few months of
rehabilitation after the completion of the attack. The annual number of TGA patients with

these attacks in M Hospital is only approximately 10, and these attacks disappear a few hours



after consultation. Therefore, it is extremely difficult to accurately make a diagnosis and
promptly perform SPECT during this short timeframe. Furthermore, even after the
disappearance of amnesia, the low accumulation of isotopes in the medial temporal lobe
persists for a long time. Many studies reported that the phase after attack completion
corresponded to the acute stage of TGA attacks, which has confused investigators specializing
in TGA.

A rapid change in isotope accumulation was previously observed before and after the
disappearance of amnesia attacks even though the number of patients examined was small
(n=4). Although many studies have discussed the etiology of TGA using SPECT or positron
emission tomography (PET), none have reported the site or described cerebral changes on
imaging in the acute stage using a three-dimensional stereotactic surface projection (3D-SSP)
analysis.

Even though the rat brain is smaller and less complex than the human brain, research has
shown that the two are remarkably similar in structure and function and many aspects are
anatomically similar between human and rat brains.?° Therefore, if CSD does not propagate to
Rsc/Pcc/B7 in the rat brain, a similar finding may also be obtained in the human brain.

We speculated that the mechanisms underlying retrosplenial cortex (Rsc)/posterior
cingulate cortex (Pcc)/precuneus (B7)-specific changes in isotope accumulation may provide
insights into the etiology of TGA. We also discussed the etiology of TGA with reference to

the literature.



2. Materials and Methods

2.1 Patients

This retrospective study included 11 patients with TGA (Table 1) who presented to M
Hospital as outpatients. Between 1993 and 2016, 26 patients were diagnosed with TGA
according to the criteria described by Caplan®' and Hodges and Warlow.?? Exclusion criteria
included patients with neurological, psychiatric, or medical conditions and those with MRI
findings indicating cerebrovascular disorders. A 1.0-T Shimazu MRI SMT-100X device was
used with the automatic registration tool 2.03 (Toshiba, Tokyo, Japan) as imaging software.
MRI did not include diffusion-weighted imaging sequences. Data were obtained from 11
patients who underwent *™technetium hexamethylpropyleneamine oxime (**™Tc-
HMPAO)SPECT and were categorized as follows: Patients 1 and 2, with TGA that continued
after SPECT, were assigned to Group 1; Patients 3 and 4, with TGA that occurred during
SPECT, but with no memory loss at the end of the examination, were assigned to Group 2;
Patients 5— 11, with TGA that ended and who had stabilized before SPECT, were assigned to
Group 3. The environment in which data were collected and processed using the gamma-
camera remained consistent for all 11 patients and healthy control subjects. The data used to
create the control database were obtained at the same hospital during the same period of time.

Data were collected from all patients using the same device.



Tahle 1. Grouping of patients with transient global amnesia.
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2.2 Control group

SPECT data from 20 healthy subjects (age, 32—78 years; mean age, 60.1 + 5.4 years; 65%
female) were used as the control in the 3D-SSP analysis. The same camera and SPECT device
were used in the analysis of all subjects. Healthy subjects had no history of neurological or

psychiatric disorders.

2.3 SPECT study protocol

All subjects received 740 MBq (20 mCi) of *"Tc-HMPAO intravenously in the supine
position on the scanning couch under standard resting conditions. The 3-head GCA-9300A
SPECT system (Toshiba) was equipped with low-energy, ultra-high-resolution fan-beam
collimators and a GMS-5500A/PI data processor (Toshiba). Data were acquired for 15
minutes, beginning 5 minutes after the administration of *™Tc-HMPAO. The distance of the
collimators from the center of rotation was kept constant at 13.2 cm. Each detector was set to
rotate continuously through 120° in 3 minutes, alternating in clockwise and counterclockwise
directions. The triple-energy window method was used for scatter corrections. Images were
reconstructed in a 128 % 128 matrix, with a pixel size of 1.72 mm, using a ramp filter with six
attenuation corrections according to Chang’s technique?® after data were processed with a

Butterworth filter with an order of 8 and cut-off of 0.12 cycles per pixel.



2.4 SPECT data analysis

Relative decreases or increases in the uptake of **"Tc-HMPAO were measured using 3D-SSP
based on the original 3D-SSP program described by Minoshima et al.>**> This procedure was
performed using NEUROSTAT (Nihon Medi-Physics Co., Ltd., Tokyo, Japan), which is
interface software that anatomically transforms individual SPECT images to the standard
brain according to the Talairach-Tournoux atlas.? Datasets were normalized to mean global
activity.?” Regional voxel data were compared with the normal database using NEUROSTAT,
calculating the z-score [z-score = (normal values for the healthy group)/standard deviation for
the healthy group] for each voxel of the cerebral surface. To quantitatively assess changes in
regional cerebral blood flow, the mean z-scores for each lobe and gyrus levels were assessed
using the stereotactic extraction estimation method.?® 3D-SSP extracted 3D functional
information from the gray matter using pixels preset to cover the whole brain surface after the
brain image of each subject was transformed to the standard brain image through anatomical
standardization. Normalization was performed by whole brain counting.

We investigated 78 regions bilaterally based on Brodmann’s areas (B). In the original
version of B, B1-B52 are categorized based on neuronal structures in the cerebral cortex
stained in the postmortem brain.?’ A 3D-SSP analysis generally excludes B12-B16, B26, B27,
B41, and B48-B52 because they are not visualized on the brain lateral projection surface. In
the present study, the z-scores of B29, B33, and B35 were analyzed as reference values due to
the small pixel count. The following procedures were performed to create graphs using the z-

scores of all subjects.
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Two graphs displaying relative decreases (d) and increases (i) in B(a) are shown on the left
and right sides, respectively. We then created (—1) x dB (1-47) and iB (1—47) bar graphs for
all regions. In the left (decrease) graph, (—1) x extent ratio X mean severity = (—1) x dB(a),
and in the right (increase) graph, extent ratio x mean severit = iB(a).

Patient 1 underwent SPECT again 7 months after TGA, and the results obtained were used
to calculate the same dB (1-47)* and 1B (1-47)*. In the left (decrease) graph, (—1) x dB (1-
47) — (—1) x dB (1-47)*. In the right (increase) graph, iB (1-47)—-iB (1-47)*. This was used
to derive the coefficient of variation, after which the same type of bar graph was created.

The present study was approved by the Ethics Standards Committee of M Hospital
(Approval number: 201; Approval date: October 25, 2018). Since SPECT was performed 25
years ago, it was not feasible to obtain written consent from all patients. This study was
compliant with ethical guidelines for clinical studies (Opt-out) on the M Hospital website
(http://www.miekosei.or.jp/1 _mch/pdf/optout/201811-9.pdf).

The present study included 11 patients with TGA (Table 1) who presented to M Hospital for
the use of an opt-out methodology, which was based on the low risk and potential benefits of

the adequate management of TGA in patients.

3. Results

The results of initial 3D-SPP for Patient 1, a 66-year-old male, are shown in Table 2. In the
statistical maps analyzed by the 3D-SSP two-tail view for Patient 1 (Fig 1), relative increases
in tracer uptake were observed in regions equivalent to the right Rsc/Pcc/B7, right posterior

cortex, and part of the right anterior cingulate cortex. In addition, relative decreases in tracer

11



uptake were noted in the regions equivalent to the area of the medial side of the temporal
lobe. In Patient 1, SPECT was performed 7 months after TGA (Fig 2). A bar graph created
from the results of Patient 1 indicated (—1) x dB on the left (decrease) of the graph and iB on
the right (increase) of the graph for all regions (Fig 3).

Bar graphs were based on data obtained from initial SPECT, second SPECT, and the
coefficient of variation shown in the upper, middle, and lower rows, respectively. Initial
SPECT showed maximum positive changes in B30, B5, and B7 as well as in B10 and B17,
and negative changes in B20, B28, B34, B35, B36, B38, B24, B25, B29, and B23. A clear
comparison was made by calculating the coefficient of variation, which indicated a maximum
positive change in B30 and maximum negative change in B28. Highly positive iB values in
B30, B23, BS, and B7 were observed in Groups 1 and 2 (Fig 4), but not in Group 3 (Fig 5). In
the temporal lobe, maximum negative dB values were primarily noted in B28, B34, B35, B36,
and B38 in Groups 1-3. Based on these results, changes in dB and iB values corresponding to

clinical symptoms were only observed in Rsc/Pcc/B7 (Fig 6).
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Table 2. Results of initial 3-dimensional stereotactic surface projections for Patient 1 (67-year-old male).

During TGA Seven months after the conclusion of TGA
Increase Decrease Increase Decrease
Lt total extent  severity extent severity extent severity extent severity
wot [ Rt projection ratio (%) mean ratio (%) mean ratio(%) mean ratio (%a) mean
Brodmann 20 233 0.9 0.61 99.1 3.74 7.3 031 92.7 248
Inferior temporal gyrus 233 0 0 100 2.18 245 1.42 75.5 1.54
Brodmann 21 229 44 0.43 95.6 2.63 31.9 0.62 68.1 1.53
Middle temporal gyrus 229 358 0.64 64.2 1.89 31.9 0.99 68.1 0.75
Brodmann 22 172 54.7 1.53 45.3 1.06 80.8 1.03 19.2 1.02
Superior temporal gyrus 172 73.3 1.25 26.7 0.96 52.9 0.99 47.1 1.26
Brodmann 23 95 253 222 747 27 253 0.88 74.7 253
Ventral posterior cingulate c. 95 26.3 2.14 73.7 3 12.6 0.99 87.4 1.79
Brodmann 24 223 1 032 99.1 2.46 0 0 100 2.14
Ventral anterior cingulate c. 223 3 0.29 973 2.14 27 022 97.3 2.09
Brodmann 25 116 0 0 100 4.37 0 0 100 377
Subgenual area 116 0 0 100 27 0 0 100 28
Brodmann 28 41 0 0 100 5.11 0 0 100 4.55
Ventral entorhinal cortex 41 0 0 100 3.69 0 0 100 4.03
Brodmann 29 42 9.5 045 90.5 344 0 0 100 4.1
Retrosplenial cortex 42 238 1.78 76.2 3.24 14.3 0.43 85.7 2.82
Brodmann 30 64 57.8 3.04 422 1.63 4.7 0.15 95.3 1.49
Subdivision of retrosplenial c. 64 78.1 3.29 219 2.03 18.8 0.24 81.3 0.98
Brodmann 31 150 48.7 2.05 51.3 1.52 68 1.65 32 1.36
Dorsal posterior cingulate c. 150 59.3 1.75 40.7 125 68 1.54 32 1.22
Brodmann 32 132 62.1 0.81 37.9 0.5 25 0.85 75 0.97
Dorsal anterior cingulate ¢ 132 78.8 1.03 21.2 0.62 34 0.78 65.9 0.91

13



Brodmann 33 18 0 0 100 0.97 0 0 100 1.31

Part of anterior cingulate ¢. 18 0 0 100 1.37 0 0 100 1.79
Brodmann 34 31 0 0 100 4.64 0 0 100 3.62
Darsal entorhinal cortex 31 0 0 100 3.04 0 0 100 2.97
Brodmann 35 35 0 0 100 4.57 0 0 100 4.21
Part of the perirhinal cortex 35 0 0 100 2.69 0 0 100 245
Brodmann 36 53 0 0 100 5.56 0 0 100 4.87
Part of the perirhinal cortex 53 0 0 100 3.02 0 0 100 34
Brodmann 37 104 46.2 0.81 538 1.75 48.1 1.03 51.9 0.9
Fusiform gyrus 104 433 1.29 56.7 0.92 74 1.45 26 0.64
Brodmann 38 129 0 0 100 347 0 0 100 3.57
Temporopolar area 129 0.8 0.17 99.2 222 0 0 100 3.58

Z-scores (mean severity for increases and decreases) and extent ratios (%) according to initial * ™technetium hexamethylpropyleneamine oxime single-photon

emission computed tomography with 3-dimensional stereotactic surface projections (3D-SSP) are indicated. Note that all regions are not presented above because

4. Discussion

We confirmed increases in the accumulation of 99mTc-HMPAO in Rsc/Pcc/B7 during attacks

and decreases after the completion of attacks in patients with TGA. These changes cannot be
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explained by posterior circulation strokes, transient epileptic amnesia, psychogenic amnesia,
post-traumatic amnesia, or toxic/drug-related amnesia, which were previously reported as
etiological factors for TGA.

Ledo,* who initially identified CSD in the rat brain, demonstrated that a wave of
depolarization spread throughout the cortex, except the Rsc. In rats, the terms “retrosplenial
cortex” and “posterior cingulate cortex” are often used as synonyms, and the B29 and B30
areas of the rat brain may be the same as the B23, B29, B30, and B31 areas of the human
brain. As demonstrated for the rat brain, if the wave of depolarization does not spread to these
areas in the human brain, isotope accumulation during attacks in TGA patients may markedly
differ between these and other areas. In the present study, we retrospectively examined
patients and confirmed the above hypothesis. Our results support CSD being an etiological
factor for TGA.

Regarding increases in isotope accumulation in the precuneus, Brent et al. identified the
posterior cingulate, precuneal, and retrosplenial cortices as critical nodes in the neural
network of consciousness>!. Furthermore, these regions have the highest level of cortical
glucose metabolism and cytochrome c oxidase activity. It currently remains unclear whether
CSD involves B7; however, one of the reasons for an increase in isotope accumulation may
be the presence of a common function between Rsc/Pcc and the precuneus.

If CSD propagates to Rsc/Pcc in the human brain, it is challenging to explain these changes
in Rsc/Pcc based on the many other theories on the etiology of TGA.*

A brief explanation of the methods used to analyze and interpret the results of SPECT is

provided below.
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(1)  Validity of the coefficient of variation: The analysis using the coefficient of variation
was a trial to elucidate slight changes in isotope accumulation on SPECT. Patient 1 showed
continuous low isotope accumulation on the medial side of the temporal lobe 7 months after
TGA. This change was observed on SPECT after the patient recovered from TGA. This is
evidence of the predominant cause of TGA and that variations between the first and second
sessions of SPECT facilitated attempts to elucidate the etiology of TGA. By subtracting the
dB and iB values of second SPECT from those of first SPECT, the regions that underwent
major changes from normal at the time of the latter became clearer.

(2)  Comparisons of recent studies using functional MRI and statistical parametric
mapping. Jang et al.** reported that among 22 cases of TGA examined using a high-resolution
SPECT device, cerebral perfusion significantly decreased at left B7 (P < 0.001, uncorrected).
These cases would have been assigned to Group 3 in the present study. Detailed image
analyses were performed by Kim et al.>* (6 cases) and Chung et al.?> (7 cases), and their cases
would also have been assigned to Group 3 in the present study, allowing for comparisons with
our patients. Therefore, the pathogenesis of TGA may be examined based on the changes in
isotope accumulation that occur during TGA rather than after the conclusion of an attack.

(3) B29 and B30 in Patient 1 showed the greatest isotope accumulation during a TGA
attack. In contrast, B20, B27, B28, B35, and B37, which correspond to the medial temporal
lobe, showed the lowest isotope accumulation. These areas are almost adjacent to B29 and
B30, and isotope accumulation in B29 and B30 is affected by B20, B27, B28, B35, and B37
due to the partial-volume effect. Therefore, isotope accumulation may be higher than the

3DSSP-displayed Z scores for B29 and B30 in Case 1.
16



(4)  Consistency with previous cases of TGA assuming that CSD is the etiology of TGA.
If

CSD is an etiology for TGA, the issue of consistency with previous cases of TGA persists.’
According to Olesen and Jorgensen,® glutamate, which is present in large amounts in the
hippocampus, experimentally elicited CSD, which may be triggered by strong emotional and
physical events. Therefore, TGA appears to occur as a result of CSD that is a secondary effect

of these stressors.

(5) The 11 patients in the present study did not undergo diffusion-weighted MRI,;
therefore, patients with transient ischemic attacks (TTA) may have been included. The present
results revealed an increase in the accumulation of nuclides in Rsc/Pcc/B7 during an attack.
TIA may occur in ischemic diseases, with the accumulation of nuclides decreasing during
attacks. Rsc/Pcc/B7 are perfused by the terminal branches of the anterior and posterior
cerebral arteries, and when boundaries are unclear, it is not a vascular lesion, thereby

confirming that the episode is not TIA.

5. Conclusions

SPECT on patients with TGA revealed increases in isotope accumulation in Rsc/Pcc/B7,
which subsequently decreased after the conclusion of the episode. If CSD is not transmitted to
Rsc/Pcc/B7 in the human brain, similar to the rat brain, the present results support CSD as an

etiology of TGA and also provide novel insights into its etiology.
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Figure legends

Fig 1. Statistical maps in Patient 1 analyzed by three-dimensional stereotactic surface
projection two-tail views for * ™technetium hexamethylpropyleneamine oxime single-photon
emission computed tomography performed during transient global amnesia. The color of the
outer counter corresponds to a z-score of 7. A relative increase in tracer uptake (z-score, 1-3)
was observed in the area corresponding to the right retrosplenial cortex, right posterior
cingulate cortex, right Brodmann area 7, and right posterior cortex. A relative decrease in

tracer uptake (z-score, 1-3) was noted in the left temporal lobe.
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Fig 2. Two-tail view of a single-photon emission computed tomography image in Patient 1

acquired 7 months after transient global amnesia. In comparisons with Fig 1, an overall

decrease was observed in the relative levels of tracer uptake (z-score, <3).
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Fig 3. Bar graphs showing initial single-photon emission computed tomography (SPECT),
second SPECT, and the coefficient of variation in Patient 1 on the upper, middle, and lower
rows, respectively. Sites at which iB and dB clearly had high values are shown in red and
blue, respectively. In initial SPECT, visible increases {dB (1) > 2} were observed in B10,
B30, B5, B7, and B17. These increases in B30 and B7 disappeared in second SPECT. An
investigation of the coefficient of variation indicated that B30 showed the maximum positive

change.
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Fig 4. Bar graph showing patients in Groups 1 and 2 according to initial single-photon
emission computed tomography. In B30, B31, B7, and B17, the maximum positive iB values

were in Group 1 (n =2). In Group 2, only the right posterior cingulate cortex and Brodmann

area 7 were positive.

27



Brodmann

ROl Rt Lt

Frontal lobe

Temporal lobe

Cingulate cortex

Parietal lobe

Parietal
lobe

9 |10 11 | 44

28| 34 | 35| 36|37

39| 40 |43 | 1

3|17 | 18|19

78 [910f1112{13 14

27 28|20 30|31 32| 33 34| 35 36 59 60|61 62 63 64 |65 6657 6

TITRT3I74| 75 76|77 78|

Group 1

Case

1

678 91011121314151617 1819

3242526272839 3091 3233 84 3536

b4 55 56 57 58 59 64

6162 63 64 6566 67 68 697071747374 7576 77 78|

Nowld &b b bR

123465678001 I213 041516171819

021222324252627'829 j0 31 §2

w

T
3 4353637'8394341 424344454647{649 JO 51 52 53 54 55 55 57 58 59 6

6162636465666768697071 747374 7576777¢|

Group 2

1284567 881011271314

6 27 26 29 30 31 32 33 34 35 36 37 28 0 51 52 53 54 55 56 57 58 59 61

61626364 656667 68657071 74737475767778

&

Now b

fd_2:30403 7B B0

2iajatsior7ino shoardzoioh

S
1)
=
&

p 81 82 55 84 55 5 57 58 50 4

o1 825364 65,6667 88 69 0 71 7473 147576 77 79

L &

28

Fig 5. In Group 3, changes common to all regions were negative .
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Fig 6. A diagram of the three-dimensional stereotactic surface projection analysis of the
retrosplenial cortex/posterior cingulate cortex/Brodmann area 7 for Patients 1-11 arranged for
each single-photon emission computed tomography stage. iB30 and B31 increased in Group 1
and decreased or became zero in Group 2. In Group 3, changes were negative. In B7, iB

values increased in Groups 1 and 2 and slightly increased or were zero in Group 3.
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