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Transient Global Amnesia and Cortical Blindness after Vertebral
Angiography: Further Evidence for the Role of Arterial Spasm

Alan Jackson, Gavin Stewart, Andrew Wood, and Jimmy E. Gillespie
Summary: We describe a series of six patients who experienced
severe retrograde amnesia (five cases) or cortical blindness (one
case) during selective vertebral angiography. All angiograms
were obtained with the same nonionic contrast medium. Analy-
sis of the contrast batch demonstrated no abnormalities, but
investigation of the angiographic suite revealed a faulty contrast
warming cabinet resulting in injection of contrast material above
body temperature. The warming cabinet was withdrawn, and the
complication has not recurred. We believe that these symptoms
reflect ischemia caused by vertebral arterial spasm.

Index terms: Angiography, complications; Iatrogenic disease or
disorder; Vasospasm

Transient global amnesia is a disorder of
mental function characterized by acute attacks
of retrograde amnesia without other neurologic
abnormality (1, 2). The attacks are typically
short lived and self-limiting, and recurrence is
rare. Transient global amnesia can also occur
as a complication of cerebral angiography and
has a prevalence of 0.5% to 0.7% when ionic
contrast media are used (3–5). Although an
ischemic mechanism for spontaneous transient
global amnesia is well accepted (6–10), the
etiology of angiography-related transient global
amnesia remains contentious. Underlying tem-
poral lobe disease (11), cerebral ischemia (12,
13), cerebral embolism (2), arterial spasm
(12), and contrast-induced neurotoxicity (11)
have all been implicated. Since the introduction
of nonionic contrast agents, four cases of tran-
sient global amnesia have been reported (12–
15), and this has been cited as further evidence
for the role of contrast toxicity. We have re-
cently seen six cases of transient global amne-
sia related to cerebral angiography with the
nonionic contrast agent iohexol. Our experience
with these patients is reported here.
Case Reports

Over a 24-month period beginning January
1991, a total of 246 selective cerebral angio-
grams were obtained at the Manchester Royal
Infirmary. All selective injections were per-
formed by using iohexol (Omnipaque 300, Ny-
comed, Oslo, Norway) diluted with saline to an
iodine content of 150 mg/mL. During the
4-month period beginning July 1992, six (17%)
of 35 patients experienced complications of
vertebral artery angiography as described be-
low.

Case 1

A 42-year-old woman with a strong family history of
aneurysmal subarachnoid hemorrhage was admitted for
cerebral angiography. Computed tomography (CT) was
normal, and there was no significant medical history. Bi-
lateral carotid angiography was normal and without com-
plications. The vertebral artery was selectively catheter-
ized, and an initial test injection of 2 mL of contrast
material was performed without complication. During the
first formal angiographic run, 6 mL of contrast material
was injected by hand, and the vertebral angiogram ap-
peared normal. Within 1 minute of injection, the patient
became confused and nauseous. Questioning revealed
profound retrograde amnesia with no memory for events
within the past week. The patient did not know where she
was or why she was in the hospital, although long-term
memory was intact. She was unable to retain the answers
to her questions despite frequent repetition. The patient
became extremely anxious and angiography was aban-
doned. Gradual improvement occurred over the next 24
hours, but 36 hours after angiography the patient had total
retrograde amnesia for the 24 hours preceding the proce-
dure. Long-term memory was normal, and there were no
other neurologic abnormalities.
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Case 2

A 38-year-old woman was admitted from another hos-
pital after a suspected subarachnoid hemorrhage. CT find-
ings were normal, but lumbar puncture demonstrated
mildly xanthochromic cerebrospinal fluid. Bilateral carotid
angiograms were normal, although there was no filling of
the posterior cerebral arteries from the carotid circulation.
A right vertebral injection demonstrated bilateral filling of
the posterior cerebral arteries and normal posterior fossa
vasculature. After the vertebral injection the patient had
complete loss of vision, which developed over a period of
less than 1 minute. Visual testing demonstrated normal
direct and consensual light responses in both eyes but with
apparent total loss of vision. The patient was also noted to
be mildly confused and unable to remember the details of
her hospital admission. A diagnosis of cortical blindness
and transient global amnesia was made, and angiography
was abandoned. The patient’s visual acuity returned to
normal within the next 6 hours, although a mild confu-
sional state persisted for almost 24 hours. The next day,
full neurologic examination was normal, although the pa-
tient’s memory of the procedure and the preceding 24
hours was absent. Another angiogram 1 week later
showed no intracranial vascular abnormality and was with-
out complication. A CT head scan 48 hours after angiog-
raphy also was normal.

Case 3

A 61-year-old man was admitted with acute onset of
headache. CT showed blood within the basal cisterns. Bi-
lateral cerebral angiograms 24 hours after admission
showed minimal spasm in the region of the right middle
cerebral artery and a small right posterior communicating
artery aneurysm. Catheterization of the left vertebral artery
was performed without complication, but after an initial
test dose of 2 mL of undiluted contrast material (300 mg
I/mL), the patient had nausea and tinnitus. The symptoms
were treated with Metochlorpropamide (10 mg, intrave-
nously), but over the next 3 to 4 minutes he became
increasingly confused and examination demonstrated a
profound retrograde amnesia lasting at least 24 hours. He
repeatedly questioned the radiologic staff as to where he
was and what had happened to him and was unable to
remember the answers to these questions even seconds
later. The patient became extremely anxious and fright-
ened and intravenous sedation (diazepam 10 mg intrave-
nously) was required. Angiography was abandoned and
the patient returned to the ward. He remained drowsy until
the next day, and examinations at 24 and 48 hours after
angiography demonstrated a residual retrograde amnesia
for 12 hours preceding angiography. There had been no
evidence of memory impairment before angiography, and
the angiogram itself showed no evidence of vascular
spasm in the posterior arterial circulation.
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Case 4

A 32-year-old woman was admitted after sudden onset
of headache. CT showed a perimesencephalic pattern of
subarachnoid hemorrhage. Bilateral carotid angiography
was normal. After an initial test dose of 2 mL of undiluted
contrast material in the left vertebral artery, the patient had
buzzing in the ears and mild vertigo. Over the next 1 to 2
minutes she became increasingly confused and anxious.
Examination at this stage revealed amnesia extending
back over a period of 1 week or more and an inability to
form new memories. The patient was unable to remember
being ill, the original event, or being admitted to hospital.
Long-term memory was intact, and there was no other
neurologic deficit. The symptoms resolved after 24 hours
of conservative management, but the patient was left with
a period of amnesia extending for 3 to 4 hours before the
angiogram itself, although she did remember details of the
original hospital admission. A repeat cerebral angiogram
was normal and without complication, and repeat CT also
was normal.

Case 5

A 64-year-old man was admitted with a 2-week history
of a painful right third cranial nerve palsy. CT was normal,
and cerebral angiography was performed to exclude a
posterior communicating artery aneurysm. Right carotid
angiography was normal. After the first angiographic in-
jection into the right vertebral artery, the patient heard
ringing noise in his ears and over 1 to 2 minutes became
vertiginous and nauseous. He started retching and was
treated with metochlorpropamide (10 mg, intravenously).
Within 5 minutes of the initial angiographic injection he
was confused and profoundly amnesic. All recent memory
seemed to be absent for a period in excess of a week, and
new memory formation and long-term memory were dif-
ficult to test because of confusion. Angiography was
abandoned, and the patient was sedated with diazepam
(6 mg intravenously) and returned to the ward for obser-
vation. Recovery was gradual over the next 48 hours; by
discharge from the hospital 4 days later he still had pro-
found retrograde amnesia extending over 48 hours from
the time of angiography. He did not remember hospital
admission or any subsequent event before waking from
the angiogram. The angiogram itself was normal without
evidence of vascular spasm in either the anterior or pos-
terior circulation.

Case 6

A 56-year-old woman was admitted after acute onset of
headache. CT showed blood in the basal cisterns, partic-
ularly on the right side, and a cerebral angiogram was
performed 3 days after the original event. The patient was
fully conscious and oriented although a little drowsy. Neu-
rologic examination at this stage was normal. Right cere-
bral angiography showed a small right middle cerebral
artery aneurysm at the trifurcation of the vessel but no
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other abnormality. Left carotid angiography was normal,
and there was no evidence of vascular spasm in the ante-
rior circulation. A left-sided vertebral angiogram was also
normal, but within 1 to 2 minutes after the first injection the
patient had tinnitus and nausea leading to vomiting. Be-
fore treatment could be instituted, the patient became
confused, extremely anxious, and had memory loss. Ex-
amination demonstrated no focal neurologic deficit except
for profound retrograde amnesia extending back over the
previous week. Angiography was again abandoned and
the patient treated conservatively. The amnesia resolved
almost completely over the next 24 hours, but the patient
was left with a period of 2 to 3 hours before angiography of
which she had no recollection. A head CT scan 56 hours
after angiography was normal.

Investigations

Because all examinations were performed
with the same batch of iohexol, this was with-
drawn from use and analyzed by the manufac-
turers. Tests were performed on four random
bottles, all of which had been subject to the
same storage conditions. One of the bottles had
been taken from the contrast warmer that was
routinely used within the angiogram suite and
one of the bottles was that used for the vertebral
injection on the last patient. Analysis demon-
strated a normal pH (7.27) and no evidence of
significant ionized iodine content (8 mg/mL).
Photoabsorbance and refractive index were also
within normal limits. There was no evidence of
microscopic particulate contamination.
Review of angiographic technique and of the

films from the six patients demonstrated no par-
ticular anatomic abnormalities in the vascular
system and no evidence of problems of verte-
bral catheterization. However, it was noted that
the contrast warming cabinet had a faulty ther-
mostatic control and was prewarming contrast
material to a temperature just over 408C. A
sample of contrast material diluted with room-
temperature saline, as used for angiography,
had a temperature of 38.58C. The cabinet was
withdrawn from use, and cerebral angiography
was subsequently performed with contrast ma-
terial at room temperature. Since this time there
has been no recurrence of these complications
in a series of over 50 selective cerebral angio-
grams, and we believe that these complications
relate to the injection of contrast material above
body temperature.
Discussion

Transient global amnesia is a condition of
sudden onset characterized by loss of memory
for recent events and an inability to retain new
memories (1, 2, 15–17). Spontaneous transient
global amnesia is a rare disorder whose clinical
features are rather stereotyped and remarkably
similar to the six cases reported here. The pa-
tient experiences sudden confusion, often asso-
ciated with rather severe anxiety features. Ex-
amination reveals an inability to retain new
memories that is characterized by repeated
questioning even after the answer has been
given. Recent memories formed in the hours or
days before the acute event are also character-
istically absent, although the consciousness
level and other neurologic parameters are nor-
mal. The episode usually lasts 30 minutes to
several hours, and after recovery there is retro-
grade amnesia extending over hours or days
preceding the acute event and anterograde am-
nesia for the event itself. The attacks may recur,
and there is an association with the risk factors
for cerebrovascular disease and particularly
with vertebrobasilar insufficiency.
The occurrence of transient global amnesia

as a complication of cerebral angiography was
first described by Hague (18) in 1954. Since
then there have been a number of similar re-
ports (2, 4, 5, 19), and transient global amnesia
was subsequently shown to have a prevalence
of 0.59% in a series of 1520 patients (4). Selec-
tive vertebral artery injections carry the highest
risk, although carotid artery, aortic arch, and
coronary artery injections have all been associ-
ated (2, 13). The vast majority of recorded
cases have occurred as a complication of cere-
bral angiography with ionic contrast media. Be-
fore this report, four cases of transient global
amnesia occurring after injection of nonionic
contrast media had been recorded; all were as-
sociated with selective cerebral angiography
(11, 12, 14).
The abnormality of memory seen in transient

global amnesia appears to result from bilateral
functional disturbance of the medial temporal
cortex (2, 20). The mechanism by which cere-
bral angiography produces this disturbance re-
mains unclear; epilepsy, ischemia, and direct
neurotoxicity have all been implicated. The the-
ory that transient global amnesia results from a
focal epileptic discharge (21, 22) fell into disfa-
vor after Miller et al (23) failed to demonstrate



any electroencephalographic abnormality in 13
cases. Several workers have favored a direct
neurotoxic effect of contrast media as a cause
of transient global amnesia (11, 24). Experi-
mental studies have suggested that contrast
media can alter the permeability of the blood-
brain barrier by causing shrinkage of endothe-
lial cells, allowing contrast material to enter ce-
rebral interstitial tissue where it may have a
direct neurotoxic effect (25, 26). Minuk et al
(11) have suggested that the risk of neurotoxic
effects might be increased by preexisting abnor-
malities of the blood-brain barrier and by re-
peated contrast injections. It is striking however
that in the case described by Juni et al (12), in
case 1 described by Giang and Kido (14), and in
all six cases described here the onset of tran-
sient global amnesia occurred suddenly within 1
to 2 minutes after the first vertebral artery injec-
tion of contrast material. Furthermore, the sug-
gestion of Minuk et al that the effect may be
partly dose dependent is not in keeping with the
cases presented here, where transient global
amnesia followed vertebral injections of no
more than 8 mL of dilute contrast material and
in two cases followed test injections of only 2
mL of undiluted contrast material. The sudden
onset of symptoms and the small contrast vol-
umes make it improbable that a direct toxic
effect of contrast material was the mechanism
in these cases. In addition, none of the patients
described here had any structural temporal lobe
abnormality to suggest a preexisting deficit of
the blood-brain barrier.
The close relationships between the risk fac-

tors for cerebrovascular disease and spontane-
ous transient global amnesia (6–10) and the
description of infarcts on CT (27) provide
strong evidence for an ischemic cause. Several
reports have also linked arteriography-related
transient global amnesia with clinical and arte-
riographic vertebrobasilar insufficiency (11,
13). The findings of very low rates of symptom
recurrence (8, 27), completed infarction (10,
28), and associated atherosclerotic disease of
the carotid systems (29) do not however sup-
port the suggestion that spontaneous transient
global amnesia represents a form of athero-
ma-related transient ischemic attack. Wales
and Nov (3) reported two cases of angiogra-
phy-related transient global amnesia and sug-
gested that microemboli resulting from intrin-
sic particles in the contrast media (30) might
be responsible, although they were not able to
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analyze the contrast material used. In the
cases described here, analysis of four samples
of contrast material, including one sample
from a bottle that produced symptoms, re-
vealed no evidence of particulate contamina-
tion or of any other abnormality.
Arterial spasm has also been suggested as a

causative mechanism in transient global amne-
sia (12). Several workers have implicated mi-
graine in the genesis of spontaneous transient
global amnesia (31, 32), and one study found
migraine to be the only related cerebrovascular
risk factor (33). A number of authors have also
implicated migraine in the genesis of angiogra-
phy-related transient global amnesia, particu-
larly when the acute episode is delayed for
some hours (12, 14). It should be noted that
Shuaib and Hachinski (5) found only one case
of transient global amnesia (0.67%) when re-
viewing 149 cerebral angiograms of patients
with migraines; this is no different from the rate
in an unselected group (0.59% [4]). Arterial
spasm related to angiography or previous sub-
arachnoid hemorrhage has also been described
in cases of angiographically related transient
global amnesia (12) and was present in our
case 3.
We believe that arterial spasm related to the

injectate temperature is the most likely mecha-
nism of transient global amnesia in the cases
reported here. Although the injectate tempera-
ture was not measured, the incidence of tran-
sient global amnesia was 17% over a 4-month
period, and no other causative factor was iden-
tified. The rapid onset of symptoms and the
small volume of injectate also support the sug-
gestion of spasm as an underlying mechanism.
Review of all the reported cases of angiogra-

phy-related transient global amnesia is frankly
confusing. The cases described here, together
with other reports, suggest that cerebral arterial
spasm can be responsible, and the reports of
delayed onset of transient global amnesia pro-
vide further support for this conclusion. At the
same time, the arguments that transient global
amnesia results as a toxic effect of contrast
material in some cases are also convincing.
In conclusion, we believe that arteriography-

related transient global amnesia results from an
insult to the temporal lobes and that preexisting
temporal lobe abnormality or cerebrovascular
insufficiency can be a predisposing factor. The
precipitating insult is often focal ischemia,
which may result from immediate or delayed
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arterial spasm. The roles of catheter- or con-
trast-related emboli and of direct contrast tox-
icity remain uncertain, but it seems probable
that either may be responsible in individual
cases.

References
1. Fisher CM, Adams RD. Transient global amnesia. Acta Neurol

Scand 1964;9:7–83.
2. Caplan LR. Transient global amnesia: criteria and classification.

Neurology 1986;36:441.
3. Wales LR, Nov AA. Transient global amnesia: complication of

cerebral angiography. AJNR Am J Neuroradiol 1981;2:275–277.
4. Pexman JH, Coates RK. Amnesia after femorocerebral angiogra-

phy. AJNR Am J Neuroradiol 1983;4:979–983.
5. Shuaib A, Hachinski VC. Migraine and the risks from angiography.

Arch Neurol 1988;45:911–912.
6. Colombo A, Scarpa M. Transient global amnesia: pathogenesis

and prognosis. Eur Neurol 1988;28:111–114.
7. Santoloci D, Bacigalupo F, Cocito L, Farinini D, Bo G. Amnesia

globale transitoria. Riv Neurol 1985;55:369–376.
8. Cattaino G, Querin F, Pomes A, Piazza P. Transient global amne-

sia. Acta Neurol Scand 1984;70:385–390.
9. Jensen TS, de Fine Olivarius B. Transient global amnesia: its

clinical and pathophysiological basis and prognosis. Acta Neurol
Scand 1981;63:220–230.

10. Guidotti M, Anzalone N, Morabito A, Landi G. A case control study
of transient global amnesia. J Neurol Neurosurg Psychiatry 1989;
52:320–323.

11. Minuk J, Melancon D, Tampieri D, Ethier R. Transient global
amnesia associated with cerebral angiography performed with
use of iopamidol. Radiology 1990;17:285–286.

12. Juni J, Morera J, Lainez JM, Escudero J, Ferrer C, Sancho J.
Transient global amnesia after cerebral angiography with iohexol.
Neuroradiology 1992;34:141–143.

13. Reichter RE, Belt TJ, Stevens J. Transient global amnesia: com-
plication of arterial DSA. AJNR Am J Neuroradiol 1986;7:179–
180.

14. Giang DW, Kido DK. Transient global amnesia associated with
cerebral angiography performed with use of iopamidol. Radiology
1989;172:195–196.

15. Symonds S. Disorders of memory. Brain 1966;89:539–548.
16. Heathfield KW, Croft PB, Swash M. The syndrome of transient
global amnesia. Brain 1973;96:729–736.

17. Steinmetz ES, Vroom SQ. Transient global amnesia. Neurology
1972;22:1193–1200.

18. Hague T. Catheter vertebral angiography. Acta Radiol Suppl
1954;109:1–219.

19. Cochran JW, Morrell F, Huckman MS, Cochran EJ. Transient
global amnesia after cerebal angiography: report of seven cases.
Arch Neurol 1982;39:593–594.

20. Horel JA. Neuroanatomy of amnesia, a critique of hippocampal
memory hypothesis. Brain 1978;101:403–445.

21. Dugan TM, Nordgren RE, O’Leary P. Transient global amnesia
associated with bradycardia and temporal lobe spikes. Cortex
1981;17:633–637.

22. Deisenhammer E. Transient global amnesia as an epileptic man-
ifestation. J Neurol 1981;225:289–292.

23. Miller JW, Yanigihara T, Petersen RC, Klass DW. Transient global
amnesia and epilepsy: electroencephalographic distinction. Arch
Neurol 1987;44:629–633.

24. Bryan RN, Centeno RS, Hershkowitz N, Poelstra RJ, Osato MS.
Neurotoxicity of iohexol: a new nonionic contrast medium. Radi-
ology 1982;145:379–382.

25. Mitchelet AA. Effect of intravascular contrast on blood brain bar-
rier. Acta Radiol 1987;28:329–333.

26. Junck L. Marshall WH. Neurotoxicity of radiologic contrast
agents. Ann Neurol 1983;13:469–484.

27. Matias Guiu J, Colomer R, Segura A, Codina A. Cranial CT scan
in transient global amnesia. Acta Neurol Scand 1986;73:298–
301.

28. Kushner MJ, Hauser WA. Transient global amnesia a case con-
trolled study. Ann Neurol 1985;18:684–691.

29. Feuer D, Winberger J. Extracranial carotid artery in patients with
transient global amnesia: evaluation by real time B mode ultra-
sonography with duplex Doppler flow. Stroke 1987;18:951–953.

30. Winding O. Intrinsic particles in angiographic contrast media.
Radiology 1980;134:317–320.

31. Caplan L, Chedru F, Lhermitte F, Mayman C. Transient global
amnesia and migraine. Neurology 1981;31:1167–1170.

32. Crowell GF, Stump DA, Biller J, McHenry LC Jr, Toole JF. The
transient global amnesia-migraine connection. Arch Neurol 1984;
41:75–79.

33. Hodjes JR, Warlow CP. The aetiology of transient global amnesia:
a case controlled study of 114 cases with prospective follow up.
Brain 1990;113:639-657.


