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Summary

Neurotoxicity from iodinated contrast agents
is a known but rare complication of angiogra-
phy and neurovascular intervention. Neurotox-
icity results from contrast penetrating the blood-
brain barrier with resultant cerebral oedema
and altered neuronal excitability. Clinical effects
include encephalopathy, seizures, cortical blind-
ness and focal neurological deficits. Contrast in-
duced encephalopathy is extensively reported as
a transient and reversible phenomenon. We de-
scribe a patient with a persistent motor deficit
due to an encephalopathy from iodinated con-
trast media administered during cerebral aneu-
rysm coiling. This observation and a review of
the literature highlights that contrast-induced
encephalopathy may not always have a benign
outcome and can cause permanent deficits. This
potential harmful effect should be recognised by
the angiographer and the interventionalist.

Introduction

Iodinated contrast induced encephalopathy
is a rare complication of angiography. It was
first reported in 1970 as a transient cortical
blindness after coronary angiography !. Clini-
cal manifestations include encephalopathy,
seizures, cortical blindness and focal neurolog-
ical deficits. Imaging is important in confirm-
ing the diagnosis and in excluding thromboem-
bolic and haemorrhagic complications of angi-
ography 2. Typical CT findings include abnor-

mal cortical contrast enhancement and oede-
ma, subarachnoid contrast enhancement, and
striatal contrast enhancement. Since the first
clinical description, there are 39 CT/MR con-
firmed cases of contrast-induced encephalopa-
thy in the English language medical literature
with documented clinical follow-up, summa-
rized in Tables 1 and 2. Prognosis is generally
reported as favourable with rapid recovery 2.
There are two reports of persistent visual field
deficits following contrast-induced encepha-
lopathy 2627, Here, we describe a patient with a
persistent neurological deficit following a con-
trast-induced encephalopathy after endovas-
cular aneurysm treatment. A literature review
reveals eight cases of autopsy proven fatal cer-
ebral oedema due to contrast neurotoxicity 2
%, This report highlights the neurotoxic poten-
tial for iodinated contrast media to result in a
permanent neurological deficit.

Case Report

A 50-year-old woman on screening CT angi-
ogram was found to have three cerebral aneu-
rysms: 7 mm paraophthalmic artery, 4 mm left
middle cerebral artery, and 5 mm left carotid
cave aneurysms. Risk factors for aneurysm for-
mation included a family history of subarach-
noid haemorrhage (sibling died following mid-
dle cerebral artery aneurysm rupture), hyper-
tension and smoking. 120 mL of Iohexol (Om-
nipaque 300, GE Healthcare Ireland, Cork,
Ireland), a low osmolar non-ionic contrast
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agent, was used for the CT angiogram without
complication.

She underwent successful coiling of the
paraophthalmic artery aneurysm using a bal-
loon remodeling technique. The patient had re-
ceived a total of 220 mL of Iopramide (Ultravist
300, Bayer Healthcare Pharmaceuticals, Wayne,
NJ, USA), a low osmolar non-ionic contrast
agent. The final angiogram showed occlusion of
the distal dome of this aneurysm with some fill-
ing of the proximal lobe. All arteries were shown
to be patent. Immediately following the proce-
dure the patient had a complete right hemipare-
sis (face, arm and leg, power 0/5), sensory loss
and right-sided neglect. A non-contrast CT
brain within one hour of the coiling showed
oedema in the left cerebral hemisphere, involv-
ing the frontal, parietal and occipital lobes (Fig-
ure 1). There was no haemorrhage or infarct.
She was commenced on dexamethasone and
mannitol. By day 2, her motor deficit was un-
changed but her right-sided neglect had re-
solved. CT brain studies on day 3 and day 7
showed a progressive decrease in the cortical
oedema in most of the left hemisphere, but with
residual oedema in the peri-rolandic region.
MRI on day 11 showed persistent oedema in
the precentral and postcentral gyri (Figure 1).
There was no restricted diffusion or infarct.
There was a slow progressive clinical improve-
ment, and on discharge at day 20, the right arm
and leg motor weakness had improved to power
3/5, but there was right-sided spasticity with hy-
perreflexia and clonus. Her sensory symptoms
had resolved. Three-month follow-up MRI
showed resolution of the perirolandic oedema
but with high signal in keeping with gliosis in
the motor cortex (Figure 1). Follow-up cerebral
angiography at one year showed occlusion of
the paraophthalmic aneurysm. On this occasion
100 mL of Iohexol (Omnipaque 300) was used
without issue. At one year, the patient had no
motor power deficit but had persistent spastici-
ty in her right hand and leg. This deficit caused
some lifestyle restriction but she was able to
care for herself (modified Rankin Score 2).

Discussion

Iodinated contrast media are reported to dis-
rupt the blood-brain barrier temporarily caus-
ing an encephalopathy that is usually self-limit-
ing. We describe a case that was not self-limit-
ing. Contrast encephalopathy has been report-

ed following angiography of most vascular ter-
ritories 251516243132 and also following endovas-
cular aneurysm treatment 19262733 Transient
cortical blindness is the most frequent reported
clinical presentation. The reported incidence is
0.06% of patients undergoing coronary angiog-
raphy 32, 0.3%-1% of patients undergoing ver-
tebral angiography 313 and 2.9% (4/139) with
endovascular coil treatment of posterior circu-
lation aneurysms ?’.

Clinical effects of neurotoxicity from iodi-
nated contrast agents include encephalopathy,
seizures, cortical blindness and focal neurologi-
cal deficits. Contrast encephalopathy is exten-
sively reported to have a benign clinical course
22535 Table 1 summarises the published cases in
the English language literature of CT proven
contrast encephalopathy with clinical follow-
up. From these studies, neurological recovery
occurs at a median time of 2.5 days [range, 0.2-
30 days].

We have shown that contrast encephalopa-
thy may result in a persistent neurological defi-
cit. Table 2 summarises the available data on
published cases of proven contrast encephalop-
athy with persistent deficits or death. These in-
clude reports of persistent visual field defects
2627 retrograde amnesia 37 and fatal cerebral
oedema following iodinated contrast adminis-
tration 283038 Junck and Marshall reported a
clear case of contrast overdose %, where 15.5
ml/kg of body weight of diatrizoate meglumine
was given, similar to the median lethal dose
(LD50) of 10-20 mg/kg in most species . All
these fatal cerebral oedema cases involved the
use of high osmolar contrast agents. While high
osmolar contrast agents are no longer used in
routine practice, contrast encephalopathy is re-
ported with all types of contrast agents, and
these cases highlight the potential for iodinated
contrast agents to cause fatal cerebral oedema.

Diagnosis of contrast encephalopathy is im-
portant as it may have a similar presentation to
embolic, haemodynamic, and haemorrhagic
complications following angiography or en-
dovascular intervention. It is essential to have a
post treatment angiogram that shows no arte-
rial branch occlusions and a CT or MRI study
that shows no acute infarct. Cases of contrast
encephalopathy usually show characteristic CT
brain findings — abnormal cortical contrast en-
hancement and oedema, subarachnoid contrast
enhancement, striatal contrast enhancement —
if the CT is performed soon after presentation
27 However, recent reports have also highlight-
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ed that asymptomatic contrast enhancement
and oedema of the cortex is a fairly common
finding and reported in 23-54% of CTs per-
formed within two hours of uneventful emboli-

Figure I A) Non contrast CT brain immediately following coiling shows abnormal cortical contrast enhancement and edema
in the left hemisphere and subarachnoid contrast enhancement. B) Axial FLAIR image on day 11 post coiling shows resid-
ual signal change particularly in the precentral and postcentral gyri. C) Contrast T1-weighted image on day 11 shows en-
hancement in the precentral gyrus, indicating persistent breakdown in the blood-brain barrier. D) Axial FLAIR image three
months post coiling shows persistent signal change in the precentral gyrus, consistent with gliosis (arrow).

zation of cerebral aneurysms ‘4. The enhance-
ment resolves by 25 hours in most cases. Diag-
nosis of contrast encephalopathy is therefore
made by finding typical CT findings in a symp-
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tomatic patient after exclusion of thromboem-
bolic and haemorrhagic complications.

Reported demographic risk factors for clini-
cally overt contrast encephalopathy include
hypertension and renal failure. Of the imaging/
autopsy proven cases with clinical follow-up
(Tables 1 and 2), 43% had hypertension and
15% renal failure; 45% of cases had no report-
ed underlying risk factor. Some studies have
suggested a correlation between contrast load
and CT findings in asymptomatic patients 42
however, in symptomatic patients no such cor-
relation was found ?7. Also there was no spe-
cific contrast load that reliably led to contrast
gyral enhancement 4! and indeed contrast en-
cephalopathy has been reported in four pa-
tients with contrast (ionic and non-ionic me-
dia) volumes less than 40 mL 2. Most studies,
including this case, suggest that prior and sub-
sequent angiograms and procedures did not
appear to result in the same complication 34.10-
122225213537, Based on current knowledge, this
complication appears to be an idiosyncratic re-
action to contrast. This fact makes avoidance
of contrast encephalopathy difficult. Why some
patients experienced contrast gyral enhance-
ment whereas others do not and why only a
minority are symptomatic remains unknown
and requires further investigation.

The mechanism and causes of neurotoxicity
is controversial. The blood-brain barrier is im-
permeable to radiographic contrast material
under normal conditions. Transfer of contrast
material increases if the blood-brain barrier is
disrupted or if contrast material is overdosed or
applied intra-arterially 04346, In neurointerven-
tional procedures, the contrast is injected re-
peatedly into a single vessel. As such, even if
the total amount of contrast media is not exces-
sive, the cumulative injections may contribute
to blood-brain barrier breakdown 3. The neuro-
toxic effects of iodinated contrast media are
usually attributed to a temporary blood brain
barrier disruption4’. Uchiyama et al.* found el-
evated concentration of CSF iodine in their in-
dex case and not in 4 control cases, supporting
evidence of a temporary breakdown of the
blood-brain barrier. The cause of the blood
brain barrier disruption is variably attributed to
the hyperosmolality and chemotoxicity of con-
trast media 210212843-5_ Studies suggest that con-
trast media penetrates the blood-brain barrier
as a function of dosage, contact time, concentra-
tion of anions in the material, and lipophilic

characteristics 7. Hyperosmolality, especially
with older high osmolar contrast agents, is hy-
pothesized to cause shrinkage of endothelial
cells and open tight junctions . However,
hyperosmolality per se is not a requirement to
induce blood-brain barrier disruption. Transient
cortical blindness and global amnesia has been
reported with iodixanol, a non-ionic dimer with
osmolality equivalent to plasma . In addition,
animal studies showed that blood-brain barrier
damage caused by carotid angiography with
non-ionic monomeric and dimeric contrast me-
dia was not attributable to their osmolalities,
but due to some other physical and/or chemical
effects of these media on the blood-brain bar-
rier 3. One such factor may be the endothelin
family of peptides. Endothelin release can be
induced by radiocontrast media, have been
shown to increase human brain endothelial cell
permeability and is implicated in the patho-
physiology of disorders associated with blood—
brain barrier injury, including posterior reversi-
ble leukoencephalopathy syndrome 5%-1.

Because of the transient and rare nature of
this complication, no definitive evidence base
exists for specific treatments. Some authors
have described the use of intravenous dexam-
ethasone and/or mannitol 292627 whilst others
appear to have settled for close observation of
the patient in the immediate post procedure
period®.

Conclusion

Neurotoxicity from iodinated contrast
agents is a rare complication of angiography
and neurovascular intervention. The infre-
quency with which it is encountered makes it a
diagnostic challenge. Diagnosis of contrast en-
cephalopathy is made by demonstrating typi-
cal CT findings in a symptomatic patient after
exclusion of thromboembolic and haemor-
rhagic complications. Our report and literature
review show that contrast-induced encepha-
lopathy has the potential to cause permanent
neurological dysfunction. This potential harm-
ful effect should be recognised by doctors per-
forming cardiovascular angiography and inter-
ventions. The challenge of future experimental
studies will be to define the risk factors and
neurotoxic mechanism of iodinated contrast
agents, knowledge that may help us avoid this
complication.
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