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Abstract The etiology of Tran-
sient Global Amnesia (TGA) is still
obscure. Diffusion-Weighted-
Imaging (DWI) provides conflict-
ing evidence concerning a possible
vascular ischemic cause in
mesiotemporal structures includ-
ing the hippocampal region. The
question remains open whether
conflicting observations resulted
from different observation times.
DWI was performed at a time in-
terval with known sensitivity for
detection of ischemia. Ten patients
(5 male, 5 female; mean age of
63+ 9, range 41-71 years) with typ-
ical TGA were investigated at an
average delay of 18 hours (range 6
to 44 hours) between onset of
symptoms and magnetic resonance
imaging (transversal DW-, TIW-

and T2W-MRI). Five patients re-
ceived apparent-diffusion-coeffi-
cient (ADC)-mapping. Cerebrovas-
cular studies (ECG, TTE and
extra/transcranial dopplersono-
graphic and duplexultrasonic in-
vestigation) and EEG were normal
in all patients. DW-MRI-sequences
and ADC-maps, if performed, were
normal in all patients. Conven-
tional T2W-MRI in 3 out of 10 pa-
tients showed microangiopathic
subcortical changes and lacunar
strokes of older origin. We con-
clude that TGA does not result
from a vascular ischemic etiology
in the majority of cases.
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Introduction

Transient global amnesia (TGA) is clinically well de-
fined. It is characterized by anterograde memory distur-
bance of sudden onset with impairment of orientation
in space and time but undisturbed consciousness. Usu-
ally, the symptoms last for only a few hours followed by
an almost complete restitution apart from a remaining
short amnestic gap for the “core-period” of the episode
[10]. However, the etiology of TGA remains obscure. [11,
18].

Several imaging studies have assessed patients dur-
ing and upon recovery from the symptoms. CT and con-
ventional MRI - have on very rare occasions demon-
strated pathological alterations of heterogeneous nature

in mesiotemporal structures. Results from SPECT and
PET methods are ambiguous, too. In two early case re-
ports a right prefrontal reduction of blood flow and oxy-
gen consumption was found [4, 6]. Other studies, how-
ever, found reduced blood flow in mesial temporal areas
unilaterally [13,21] or bilaterally [27].
Diffusion-weighted magnetic resonance imaging
(DWI) is a recently developed technique to detect cere-
bral ischemia in a very sensitive fashion [8,17,20, 29, 30]
and within a short time after the event [20, 29, 30]. De-
pending on the duration of symptoms diffusion imaging
is positive even in transient ischemic attacks [16]. Some
case reports found postive DWI in mesiotemporal struc-
tures of patients with TGA [3,22,31]. However, in two re-
cent series with 8 and 10 patients conflicting results of
DWI were reported [7,28] and it remains an open ques-



tion whether TGA always results from the same pathol-
ogy. One investigation reported an elevated DWTI signal
uni- or bilaterally in the temporal lobe in 7 of 10 patients
with TGA [28] while the other did not find DWI signals
in any of 8 investigated patients [7]. The latter report
speculated whether the conflicting results might be due
to differences in the time of examinations. In the study
by Strupp etal. patients were tested with a delay of 36
hours to six days after the episode [28].In contrast, Gass
etal.investigated the patients between 1 and 16 hours af-
ter onset of symptoms [7]. In addition, both studies em-
ployed different MRI-protocols.

It was the goal of the current study to investigate dif-
fusion weighted magnetic resonance imaging in TGA
patients at a time interval with known sensitivity for de-
tection of ischemic lesions.

Patients and methods

Patients

The study was conducted retrospectively on 14 patients with sus-
pected transient global amnesia admitted to the neurology ward of
the University of Ulm between January 1998 and January 2001. The
duration of symptoms was found on admission from the accompany-
ing persons, mostly family members. Diagnosis of TGA was verified
retrospectively according to the criteria of Caplan [5].

The basic demographics are shown in Table 1. In all except two
cases it was the first such event. One woman had had a similar episode
about 5 years previously, which was classified as TGA as well. A sec-
ond relapse was in a man reported to suffer from a similar attack
about 3 years previously. The medical history of this patient included
generalised epileptic seizures more than 20 years before admission.
However, after years of antiepileptic drug treatment medication had
been dropped and no further epileptic events occurred for more than
10 years up to onset of TGA. For this patient the routine electroen-
cephalogram (EEG), EEG with photic stimulation, and the EEG upon
sleep deprivation were normal. This subject therefore was included
also in the final analysis. All other subjects had no history of epilep-
tic seizures. Routine EEG and EEG with photic stimulation were nor-
mal in all subjects. None of the patients reported a recent head trauma
and all had regular neurological and general internal examinations.
Doppler and duplex sonographic investigation of the extra- and in-

Table1 Demographics, medical history, and further results.
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tracranial arteries did not show any high grade stenosis or thrombo-
sis. Cardiac diagnostics with electrocardiogram, transthoracic and in
two cases transesophageal echocardiographic examinations did not
show any relevant pathological findings. One patient suffered from a
previously unknown and asymptomatic intermittent tachyarrhyth-
mia absoluta. All other patients did not show cardiac illness with high
embolisation risk. None of the patients had suffered a stroke previ-
ously or was aware of preceding transient ischemic attacks (TIA).

None of our patients reported frequent headaches or migraine-like
events in their own history. One patient noticed headaches prior to the
episode and one other during the attack at the time of admission.
Headache subsided within less than three hours. In both cases a lum-
bar puncture was performed to rule out meningitis. Also,Jumbar punc-
ture was performed on the patient suffering from a relapse of TGA to
rule out chronic central nervous inflammatory disease. All these tests
gave normal findings in all cases as well as routine laboratory-tests on
admission of all other patients, thus excluding serious metabolic and
electrolytical disorders or other serious health damages.

In none of our cases was emotional stress or physical exercise re-
ported as a symptom-preceding event spontaneously or on inquiry.
All patients left our hospital upon cessation of the episode and com-
pletion of the diagnostic procedure. Owing to the short in-hospital
time and admission on weekends MRI was carried out in only 10 of
14 patients. Thus four patients were excluded as only CT was per-
formed.

MRI

In total 10 out of the 14 suspected patients were examined by MRI us-
ing a 1.5 T clinical MR tomograph (Magnetom Symphony, Siemens,
Erlangen, Germany) with echoplanar imaging capability using an ex-
tended stroke protocol: Transverse (repetition time(TR)/echo
time(TE) 537/15ms; field of view (FOV) 230x230mm? matrix
192x256; slice thickness (SL) 5 mm; acquisition time (TA) 1:51min)
and sagittal (TR/TE 466/15ms; FOV 230x230mm? matrix 192x256;
SL 5mm; TA 2:12min) spinecho T1w, transverse turbospin echo T2w
(TR/TE 2850/115ms; FOV 230x201mm?; matrix 224x512; SL 5mm;
TA 4:32min; echo train length (ETL) 5, transverse diffusion weighted
echoplanar imaging (EPI; TR/TE 220/139ms; FOV 230x230mm? ma-
trix 128x128; SL 5mm; TA 0:18min; b =1000sec/mm?), transverse
FLASH (TR/TE 584/18ms; flip angle (FA) 20° FOV 230x201mm? ma-
trix 168x128; SL 5mm; TA 1:24min), coronal fluid attenuated inver-
sion recovery (FLAIR; TR/TE/inversion time (TI) 9000/130/2400 ms;
FOV 230x201mm? matrix 201x256; SL 5mm; TA 1:38min), and time
of flight MR angiography (TOF MRA) of the intracerebral arteries. In
addition, quantitative apparent diffusion coefficient (ADC) maps
were calculated on a voxel basis in six out of the eleven patients.

Pat.Nr. Age Sex Concomitant VRF Headache? EEG CSF Doppler Relapse?
diseases
1 70 M - No Normal - Normal No
2 64 F AHT During Normal Normal Normal No
3 66 F AHT No Normal - Normal No
4 61 M - No Normal - Normal No
5 59 F AHT No Normal Normal Normal yes, 2
6 72 F Epilepsia - No Normal Normal Normal yes, 2"
7 41 M - Before onset Normal Normal Normal No
8 71 M AHT No Normal - Normal No
9 61 F AHT No Normal - Normal No
10 63 M - No Normal - Normal No

M male, F female, VRF vascular rsik factors, AHT arterial hypertension, HLP hyperlipoproteinemia. Headache is classified yes if there was headache along the episode or

known frequent headache of any kind.
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Allimages were displayed on a freestanding workstation and eval-
uated by two neuroradiological experienced reviewers (A.A., R.H.)
for signs of fresh or older ischemic lesions with special interest in dif-
fusion abnormalities and careful evaluation of the parahippocampal
and hippocampal areas.

Results

In 10 patients transverse DW-MRI-Images with special
regard to the mesiotemporal structures and the hip-
pocampal regions on both sides were carried out. In
none of these cases was a hyperintense signal detected
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(Fig. 1, Table 2). Similarly, in all 5 performed ADC maps
normal results were found. Patients were examined with
an average delay of 18 hours after onset of symptoms
(range 6 to 44 hours, 5 out of 8 tested in between 8 to 24
hours) with most of them in the early recovery period
(Table 2).

Additionally all patients received conventional trans-
versal TIW- and T2W-MR imaging as well as sagittal
T1W imaging. Corresponding to the missing pathologi-
cal features in DW-MRI images all conventional pictures
were normal without any sign of morphological changes
in either temporal lobe. Nevertheless, there were signs of

Fig.1 Transverse T2w and diffusion weighted echoplanar imaging (DWI, b = 1000s/mm?) with the corresponding ADC map of patient 2. Smaller images demonstrate the
enlarged left mesiotemporal area. All images were performed 8 hours after onset of symptoms. Absence of hyperintense signals in DWI corresponds to normal ADC map-

ping without structural damages in T2w.

Table2 Symptoms and results of DWI.

PatNr. Age Sex DWI(h)* Total Duration DW-MRI ADCmap  Structural MRI
of symptoms finding
1 70 M 12 Normal - Normal
2 64 F 8 Normal ~ Normal Normal
3 66 F 8 Normal ~ Normal SMC
4 61 M 44 Normal ~ Normal Normal
5 59 F 12 Normal - Normal
6 72 F 60 Normal ~ Normal Cerebellar atrophy
7 41 M 8 Normal -
8 71 M 28 Normal - SMC
9 61 F 8 Normal ~ Normal SMC
10 63 M 3 Normal - Normal

M male, F female, SMC subcortical microangiopathic changes, *

after onset of symptoms. Headache is classified

yes if there was headache along the episode or known frequent headache of any kind.



subcortical white matter changes in three cases due to an
elevated microangiopathic risk-profile with arterial hy-
pertension in these patients, of whom two additionally
suffered from hypercholesterinemia.

Discussion

The etiology of the TGA-syndrome remains controver-
sial [18]. One hypothesis has been transient cerebral is-
chemia. In support of this hypothesis is the sudden on-
set of the symptoms and case-based evidence from
SPECT- and PET-imaging [13, 21, 27]. Similarly, symp-
toms mimicking transient global ischemia have been re-
ported subsequent to cerebral angiography especially of
the vertebrobasilar arteries, with well known risk of
cerebral ischemias in the hippocampal formation and
the mesiotemporal structures [31].

While a previous study reported DWI-hyperintense
areas in 70 % of patients with spontaneous TGA [28] our
study is in accord with Gass etal. [7], who did not show
DWI-hyperintensities. Usually DWI is performed within
several hours of onset of symptoms. In patients suffer-
ing from stroke DWI has been proven to be very sensi-
tive and showed hyperintensity in about 94-100% at 2 to
6 hours after onset of the symptoms [8, 20, 29, 30]. Even
with transient ischemic attacks diffusion weighted hy-
perintense signals are observed in 50 % of patients ris-
ing to 70 % if symptom duration exceeds 12 hours [16].
In the present study the time between onset of symp-
toms and DWI was 18 hours. With a time interval of 18
hours the present study closes the gap in the studies per-
formed by Gass etal. [7] and Strupp etal. [28]. We there-
fore conclude that the present study argues against an
even transient ischemic origin of TGA.

DWTI is known to be susceptible to artifacts such as
“shine through” effects. Possible hyperintense signals on
DWI therefore would have been needed to be verified by
quantitative mesurements with the apparent diffusion
coefficient (ADC) mapping to prove the significance of
these findings. Even in spite of negative finding on the
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DWI-imaging, ADC mapping was performed in five of
ten subjects in this study. In none of these investigations
did the ADC map show a diffusion perturbance.

As diffusion-disturbances in DWI are etiologically
rather unspecific it has been speculated that the pattern
of changes found by Strupp, i.e. DWI-hyerintensities
and failing equivalent pathological findings in conven-
tional T2W- images, could alternatively indicate other
than ischemic etiologies. Especially migraine was taken
into consideration as precipitants and vegetative symp-
toms of migraine and TGA attacks overlap and patients
with frequent headaches or known migrainic disease
seem to be numerous in TGA patients [25,32].Ithaslong
been speculated that waves of spreading neuronal hypo-
or depolarization cause especially the visual aura of mi-
graine [2, 9]. In several animal models spreading de-
pression was associated with brief reversible hyperin-
tense DWI signal and positive ADC-signals [12, 14, 23,
26]. However, because of the regular ADC-maps in our
study even a delayed onset due to a spreading-depres-
sion like syndrome is not supported. Moreover we have
to emphasize that frequent headaches were not present
in the medical history of our patients and only two of
them accounted headaches just before or right upon the
time of the amnestic syndrome.

Supported by ultrasonic investigations a Valsalva-
maneuver was discussed as an underlying mechanism
for TGA. High venous pressure could result in venous
congestion [1, 18,24] which might cause TGA via “tran-
sient venous ischemia” of the mesiotemporal structures.
However, other known forms of venous congestion like
venous-sinus thrombosis were demonstrated to cause at
least transient DWI-abnormalities even with deep cere-
bral venous thrombosis [15, 19] so that such a mecha-
nism is not supported either by our investigations. Be-
yond that no patient reported activities associated with
a Valsalva-maneuver prior to the event.

In summary we conclude that the cause of TGA re-
mains unidentified but a vascular ischemic etiology or
spreading depression is highly unlikely in the majority
of cases.

1.

Akkawi NM, Agosti C, Rozzini L, An-
zola GP, Padovani A (2001) Transient
global amnesia and venous flow pat-
terns. Lancet 357:639

Aurora SK, Welch KM (2000) Migraine:

imaging the aura. Curr Opin Neurol
13:273-276

Ay H, Furie KL, Yamada K, Koroshetz
WTJ (1998) Diffusion-weighted MRI
characterizes the ischemic lesion in
transient global amnesia. Neurology
51:901-903

. Baron JC, Petit-Taboue MC, Le Doze F,

Desgranges B, Ravenel N, Marchal G
(1994) Right frontal cortex hypome-
tabolism in transient global amnesia. A
PET study. Brain 117:545-552

. Caplan LB (1985) Transient global am-

nesia. Handbook of clinical neurology.
Elsevier, Amsterdam, pp 205-218

. Eustache F, Desgranges B, Petit-Taboue

MC, de LS, V, Piot V, Sable C, Marchal
G, Baron JC (1997) Transient global
amnesia: implicit/explicit memory dis-

sociation and PET assessment of brain
perfusion and oxygen metabolism in
the acute stage. ] Neurol Neurosurg
Psychiatry 63:357-367

Gass A, Gaa ], Hirsch J, Schwartz A,

Hennerici MG (1999) Lack of evidence

of acute ischemic tissue change in
transient global amnesia on single-
shot echo-planar diffusion-weighted
MRI. Stroke 30:2070-2072



1524

10.

11.

12.

13.

14.

15.

Gonzalez RG, Schaefer PW, Buonanno
FS, Schwamm LH, Budzik RF, Rordorf
G, Wang B, Sorensen AG, Koroshetz WJ
(1999) Diffusion-weighted MR imag-
ing: diagnostic accuracy in patients
imaged within 6 hours of stroke symp-
tom onset. Radiology 210:155-162
Hadjikhani N, Sanchez DR, Wu O,
Schwartz D, Bakker D, Fischl B, Kwong
KK, Cutrer FM, Rosen BR, Tootell RB,
Sorensen AG, Moskowitz MA (2001)
Mechanisms of migraine aura revealed
by functional MRI in human visual
cortex. Proc Natl Acad SciU S A
98:4687-4692

Hodges JR (1991) Transient amnesia.
Clinical and neuropsychological as-
pects. WB Saunders Company, London
Hodges JR, Warlow CP (1990) The aeti-
ology of transient global amnesia. A
case-control study of 114 cases with
prospective follow-up. Brain
113:639-657

James MF, Smith MI, Bockhorst KH,
Hall LD, Houston GC, Papadakis NG,
Smith JM, Williams AJ, Xing D, Parsons
AA, Huang CL, Carpenter TA (1999)
Cortical spreading depression in the
gyrencephalic feline brain studied by
magnetic resonance imaging. ] Physiol
(Lond) 519:415-425

Jovin TG, Vitti RA, McCluskey LF
(2000) Evolution of temporal lobe hy-
poperfusion in transient global amne-
sia: a serial single photon emission
computed tomography study. ] Neu-
roimaging 10:238-241

Kastrup A, Neumann-Haefelin T,
Moseley ME, de Crespigny A (2000)
High speed diffusion magnetic reso-
nance imaging of ischemia and spon-
taneous periinfarct spreading depres-
sion after thromboembolic stroke in
the rat. ] Cereb Blood Flow Metab
20:1636-1647

Keller E, Flacke S, Urbach H, Schild HH
(1999) Diffusion- and perfusion-
weighted magnetic resonance imaging
in deep cerebral venous thrombosis.
Stroke 30:1144-1146

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kidwell CS, Alger JR, Di Salle F, Stark-
man S, Villablanca P, Bentson J, Saver
JL (1999) Diffusion MRI in patients
with transient ischemic attacks. Stroke
30:1174-1180

Lansberg MG, Albers GW, Beaulieu C,
Marks MP (2000) Comparison of dif-
fusion-weighted MRI and CT in acute
stroke. Neurology 54:1557-1561

Lewis SL (1998) Aetiology of transient
global amnesia. Lancet 352:397-399
Lovblad KO, Bassetti C, Schneider J,
Guzman R, El Koussy M, Remonda L,
Schroth G (2001) Diffusion-weighted
mr in cerebral venous thrombosis.
Cerebrovasc Dis 11:169-176

Lovblad KO, Laubach HJ, Baird AE,
Curtin E, Schlaug G, Edelman RR,
Warach S (1998) Clinical experience
with diffusion-weighted MR in pa-
tients with acute stroke. AJNR Am ]
Neuroradiol 19:1061-1066

Matsuda H, Higashi S, Tsuji S, Sumiya
H, Miyauchi T, Hisada K, Yamashita ]
(1993) High resolution Tc-99m HM-
PAO SPECT in a patient with transient
global amnesia. Clin Nucl Med
18:46-49

Matsui M, Imamura T, Sakamoto S,
Ishii K, Kazui H, Mori E (2002) Tran-
sient global amnesia: increased signal
intensity in the right hippocampus on
diffusion-weighted magnetic reso-
nance imaging. Neuroradiology
44:235-238

Rother J, de Crespigny AJ, D’Arceuil H,
Iwai K, Moseley ME (1996) Recovery of
apparent diffusion coefficient after is-
chemia-induced spreading depression
relates to cerebral perfusion gradient.
Stroke 27:980-986

Sander D, Winbeck K, Etgen T, Knapp
R, Klingelhofer J, Conrad B (2000) Dis-
turbance of venous flow patterns in
patients with transient global amnesia.
Lancet 356:1982-1984

25.

26.

27.

28.

29.

30.

31.

32.

Schmidtke K, Ehmsen L (1998) Tran-
sient global amnesia and migraine. A
case control study. Eur Neurol 40:9-14
Smith JM, James MF, Bockhorst KH,
Smith MI, Bradley DP, Papadakis NG,
Carpenter TA, Parsons AA, Leslie RA,
Hall LD, Huang CL (2001) Investiga-
tion of feline brain anatomy for the de-
tection of cortical spreading depres-
sion with magnetic resonance
imaging. ] Anat 198:537-554

Stillhard G, Landis T, Schiess R, Regard
M, Sialer G (1990) Bitemporal hypo-
perfusion in transient global amnesia:
99m-Tc-HM-PAO SPECT and neu-
ropsychological findings during and
after an attack. ] Neurol Neurosurg
Psychiatry 53:339-342

Strupp M, Bruning R, Wu RH, Deim-
ling M, Reiser M, Brandt T (1998) Dif-
fusion-weighted MRI in transient
global amnesia: elevated signal inten-
sity in the left mesial temporal lobe in
7 of 10 patients. Ann Neurol
43:164-170

Warach S, Gaa J, Siewert B, Wielopolski
P, Edelman RR (1995) Acute human
stroke studied by whole brain echo
planar diffusion-weighted magnetic
resonance imaging. Ann Neurol
37:231-241

Weber J, Mattle HP, Heid O, Remonda
L, Schroth G (2000) Diffusion-
weighted imaging in ischaemic stroke:
a follow-up study. Neuroradiology
42:184-191

Woolfenden AR, O’Brien MW,
Schwartzberg RE, Norbash AM, Tong
DC (1997) Diffusion-weighted MRI in
transient global amnesia precipitated
by cerebral angiography. Stroke
28:2311-2314

Zorzon M, Antonutti L, Mase G, Bia-
sutti E, Vitrani B, Cazzato G (1995)
Transient global amnesia and transient
ischemic attack. Natural history, vascu-
lar risk factors, and associated condi-
tions. Stroke 26:1536-1542



